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The amoont of tfib pmi(iitate, hcmtver, vaiie^ USmmt amt oad 
examioatfan it was fomid to consist nai^ of mbbia, aomotimai with wBiy 
small amounts of iron, phosphorus and manganese oon^xamds present Tbk 
fact has fiwquentty bemi vertfwd by filtering the piec^taites, waiUng an^ 
ing a third precgutation of the CaC^ in whidi case lower results have atways 
bm obtained, especially in those samples which showed perceptible amounts 
of impurities. Of course, the presence of these impurities causes a plus error 
but, on the other hand, if calcium is ooduded in the ammonia juec^dtate, which 
frequently occurs, a compensating minus error is introduced. These errors 
may or may not balance each other. 

The chief source of error in the regular method is due to the hydrolysation of 
phosphates in the ammonia precipitate, or to the hydroxide passing through 
the filter in a colloidal condition on washing with hot water for the removal of 
the chlorides Probably this could be largely obviated by the substitutUm of 
some salt solution for the water or by not washing entiidy free of chlorides, 
when the ammonia precipitate is not to be weight. No attempt has been made 
along these lines in this work, as it was the writer’s desire to demonstrate that 
the regular procedure, as sometimes prescribed for the separation of calcium 
in soil analysis (9), does not give accurate results. The factor of preventing 
hydrolysation in the washing of precipitates containing mixtures oi iron and 
aluminum phosphates and hydrates has been recognised, however, and the 
use of a salt wash is sometimes prescribed (6). 

It is often recommended that a small amount of ferric chloride be addad to 
the solution when the ammonia precipitation i made, in order to obviate the 
above (Mculty, inasmuch as it makes the precipitate more basic in character, 
especially where aluminium phosphate is involv^, as is the case in soils. This 
has been done in this work and while it undoubtedly is of value in some instances, 
still it does not always prevent the difficulty, as be shown later. It migfit 
be mentioned here that in no case wherever tested has the CaO obtained by tfie 
proposed method ever shown any impurities of this kind that could be leoog* 
niz^ by dissolving the same in HCi and neutralizing with NIU)H, and tUs is 
further verified hy'the fact that the entire amount was recovered in the third 
precipitation. ^ 

The gravimetric results obtained by the regular method, with and without 
the addition of TeCU subsequently making a third predpitation as above 
described, are given in table 2. The results obtained hm the same sanqdes, 
by the proposed method, arc included for ccanparisop. 

It wffi seen from an examination'crf table 2 that the CaO obtained by Jthe 
regular method, without the addition oi FeCU, geneiaUy oontafoed 
as was shown by the third precipitation. After the addition of the 
results, ss a rule, were much lower, yet the CaO pceci{dtates were not usually 
pure, as will be seen in the same table. At the same time, however, the results 
obtained by a third precipitation agree more dosely in several instances with 
those of the proposed method but are still not altogether satisbctoiy. The 
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TABLE! 

^ e0kitm (C9)\ih4r$jJkrmiik$i^wilkaMdwUhMUtk€MiUani^TtO%,%9*tU 
pTQpos^ mttkcd 


•oQi muttut 

KOFfCltAMNn) 

FeCfaAOOtP 

miD laacmtAnoM 

YDOFOglDlfltaoa 


P0reM( 

pifcmt 

p$r€€iU 

p$rc9nt 

14604 

1.415 

1.393 


1.250 

14604 


1.265 


1.293 

14604 


0.807(a) 

0.750(b) 


14604 


0 929(c) 



14604 


0 886(c) 



14607 

0.607(a) 


0 429(b) 

0.557 

14607 




0.636 

17483 

0 536 

0 372(a) 

0.372(b) 


17483 





25004 

0.543 

0.314(a) 

0.179(b) 


25004 




0 200 

25549 


0.136(a) 

0 .100(b) 

0.107 

25549 


0.207(c) 


0.143 

25662 

0 372 

0.179(a) 

0.129(b) 

0 200 

25662 




0 193 

36263 

0 400 

0 079(a) 

0 064(b) 

0 057 

36263 




0 071 

36264 

0 329(a) 


0 164(b) 


36264 


0 114(a) 

0.057(b) 


36264 





36552 

0 372 

0 236(a) 

0 107(b) 

BESH 

36552 





36552 




BEB 

56463 

0 050(a) 


0 .021(b) 


56463 

0 107(a) 


0 043(d) 


56463 

0 079(a) * 


0 036(d) 


56463 


0 093(a) 

0 lOOfb) 

0 071 

56463 


0 064(a) 

0 043(d) 


56463 1 


0 057(a) 

0 014(d) 


367^)3 

0 264(a) 


0.079(b) 

0.107 

36793 



• 

0 100 

36796 


0 457 


0 ISO 

36796 


0.107(a) 

0 121(b) 

0 150 

56493 

0 550 

0 372(a) 

0 350(b) 

0 400 

56493 




0.336 

56494 

0 350(a) 


0.207(b) 

0.214 

56494 




0.172 

56496 

0 307(a) 


0 .200(b) 

0.164 

56496 




0.222 

56455 

0.400 

0 214(a) 

0 143(b) 


56455 

1 



0.186 

56477 

0 350 

0 071 (a) 

0.043(b) 

0.114 

56477 




0.100 
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TABUI-^CmUM 



NOPtCllABMS* 





FflCllAnMMF 

tiSaa raacKRiAfiair 








ptrtHd 

ptremi 


Sirwal 

56505 

0 172(a) 


0.093(b) 

0043 





0.064 

5650g 

0.107(a) 


0.100(b) 

0.036 

5650S 


0.079(a) 

0.043(b) 


56510 

0 207(t) 


0.136(b) 


56512 

0.107(a) 




56512 





56514 

0 414(a) 


0.272(b) 


56514 





56458 

0.414(a) 


0.279(b) 


56458 

0.'64(a) 


0.172(b) 


56458 


0 186(a) 

0.193(b) 


56460 

0 307(a) 


0 207(b) 

0 143 

56460 

0 086(a) 


0.064(b) 

0.150 

56460 

0.071(a) 


0 043(d) 


56460 

0.121(a) 


0.050(d) 


56460 


0 093(a) 

0 071(b) 


56460 


0 107(a) 

0.036(d) 


56460 

1 

0 121(a) 

0.050(d) 


56473 

0 129(a) 


0 100(b) 

0.243 



0 214(a) 

0.179(b) 



0 493 

0 200(a) 

0.200(b) 

0.222 

IIBiHi 




0 243 


(a) Sec (b). 

(b) The CaO obtained in (a) was dissolved in HO, made slightly alkaline with NH 4 OH 
and the precipitate, if any was obtained, was filtered, washed and the third predpitatkm of 
CaC ^4 was made in the filtrate in a faintly ammoniacal solution as before. 

(c) Modified regular method used. 

(d) The CaO obtained in (a) was treated as in (b) except the third precipitation of CaCiOi 
w'as made in faint oxalic add solution. 

low results can be accounted for only as due to the occlusion of calcium in the 
ammonia precipitates, while the high ones are undoubtedly caused by 
impurities. 

It has been mentioned that calcium has been found to be occluded in the 
ammonia precipitate ^nd that such was often the case was proved by an exami¬ 
nation made of some samples selected at random that had been used'in 
work. The caldum was determined by the modified regular method and 
ammonia precipitate was dissolved in HCl and the caldum in the sa m e 
determined by the proposed method, with the results given in table 3. 

As the three methods which were mostly used in the work, namelv, the regu¬ 
lar, modified regular and proposed, gave sudi discordant %ure 5 on many of 
the soils, it was thou^t tl^t it might prove of interest to compare them on a 
synthetic soil mixture which was coaoparatively high in caldum, phosphofiis 
and aluminium. Accordingly, a sufficient quantity of a mixture of C.P. 


IF? 











dMOricab in dw nqiibcd atwmntswsspnpsnd to Rfinwat a soilliBvingt^ 
«oin|Mritioiigivwbtabk4^ialOOptm,tlielacidiig71.07p«tsbdi«s^^ 
to npnrat SX)k, mobtun md otgank matter. In other words, the 10 parts 
of fiOk used rcfnesent only part of that tequiied to make up the supposed 
soQ. 


TABUS 

fmmittf tf taldm (Cs) MduM m ammutia frteipUaU in lit mMjM rtpihr nutM 


1 

I 

Momintsoiiut 

Msraoo 

cAtaoutM suMomk 

wsMcarskn 

TOEASOSKADIXD 

ftOffOSIOMBXlOO 


ptrcMi 

ptrcrut 

ptrcrut 

pUtttU 

56447 

0 129 

0 079 

0 208 

0 186 

56447 




0 172 

56449 

0 400 

0 057 

0 457 

0 436 

56449 





9768 

0 643 

0 114 

0 757 


9768 





9771 

0 250 

0 021 

0 271 

BBEH 

9771 





14604 

0 429 

0 529(a) 

1 058 

1.250 

14604 


0 100(b) 


1.293 


(a) and (b), no FeCU wai added to (a) or the first ammonia predpitation, but to the 
randthig filtrate was added 2 cc. of 10 per cent FeCU solution and the second or (b) was 
then made. 


TABLE 4 

Comp0sUioH of syntkoUc soil mixture 


OONtmUEMT 

DttIVSO IlOM 

10.00 per cent SiQi 

0.1000 gm. silica 

4.00 per cent FeA 

0.0524 gm. iron oxide, hydrated 

10.00 per cent AlA* 

0.1039 gm. aluminum oxide, hydrated 

1.50 per cent PA 

0.0258 gm. aluminum pho^hate 

0.50 per cent MgO 

0:0050 gm. magnesia 

1.75 per cent CaO 

0.0312 gm. calcium carbonate ‘ 

0.36 per cent SCU 

0.0101 gm. manganese sulfate 

0.32 per cent MnO 

0.0101 gm. manganese sulfate 

0.50 per cent TlOi 

0.0050 gm. titanium oxide 

2893 

0Ji334gm. 


* Derived from the oxide and phosphate. 


The required amount of the above mixtuxe, or 2.0004 gm. representing 
6 gm. of 8^^ was fused with 5 gm. of the double carbonates as in the regular 
method. Another equal portion, omitting the CaCX)i, was fused in the same 
manner for the blanks. The amount of SiQi added was, of course, much less 
than that piesent in a soil but as this made a thorough fusion more possible 
and at any rate the SiQi is eliminated at the beginning, the above quantity 
was assumed to exceed largely any that might possibly exist in solution after 
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the dehyAuikm at SiOiiWU tbeqiMHtyaiSOtpmmththeel^ 
hukm wee tbetdkae about 75 per cent ot the amount in 1 gm. ot avenge eoQ* 
No lodiiim or pcrtanium compounds were added, as tbe luskm mbctiue sup¬ 
plied tbeae elements. After tlmfusians wen made and the SiQi was diminated 
the solutions were made to volume and aliquots corresponding to 1 gm. of 
soil were used for the caldum determinations, by tbe different methods. In 
the regular and modified regular methods, FeCli was added to one aliquot 
and omitted in the other. The ammonia precipitates were also examined 
for calcium as in table 3. The results are given in table 5. 

The results obtained on the i^mthetic mixture by all the methods agree 
very well with the amount of calcium present, and much better than those 
obtained when the same methods are applied to soils. This corroborates 
the writer’s previous e^rience, that a 83 mthetic soil solution does not always 
behave in the same manner asthe soil it is supposed to represent An ex¬ 
amination of table 5 shows that the first two methods gave slightly low results 


TABLE 5 

Ocd$tsum of calcium in ammonia proaptiaies in roiulao and modifad rtfiilaf me hod i 



CsObv 

nanoe 

CsOm 

AMMOIfia 

raeoDfran 

lesaCaO 



pmomt 

formi 

Regular method, no FeCU added . 

1.67 

0.05 


Regular method, FeCU added. 

1.70 

None 


Modified regular method, no FeCU added. 

1 68 

0.06 

HiQV 

Modified regular method, FeCU added. 

1.71 

0.01 


Proposed method. . 

1.79 


HHjl 

ProrN)8ed method. 

1.85 



Known content of CaO. 



Byi 


while the proposed method averages a trifle high. In the work on soils, 
however, the regular method has generally given high results, comparad with 
the proposed method, while the modified method shows both high and km. 
A tendency also exists here far caldum to be ocduded in the ammonia precip¬ 
itates, which Ih largely prevented by the addition of FeQi, but this is not 
so noticeable as it was in the soib. 

During this investigation, only a part of which is included in this paper, 
a large numb r ot soils have V)een tested comprising tak en from 

nearly eveiy county in the state. In many cases the amount of total 
found was suiprisingly low; In fact the lack of this element in several soOs 
was as noticeable as was their deficiency in phosphorus or nitrogen. Taking 
into account the amounts of these three dements present, two of which, 
however, are not r^xuled here, and the quantities oi the same removed by 
crops, all are jnobaUy deficient in many oi the soils. On the other hand, 
the potassium content of the most at these soils is rdativdy hl|^ and compares 
favorably with our best in this reqpect. Some of tbe results obtained are 
given in taUe 6 and in cases where duplicates were made these are faduded* 
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fmtuUant tf Mol cMtm (Ct) In uSt found by rotukr, modified tiiuhr and proposed moihodi 
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TABUS 



inMotimiffGB 0 fo 4 mm 

comtrAm smMX 0 10 S mcm 

fUfttkr 

ModiS«d 

ngnltr 


Bcgvtar 

IfodlStd 

nfokf 




pifuni 

ptfe9iU 


pif€tn$ 

ptrcmt 

17899 





0 143 

0 114 

17341 





0 129 

0.114 

36132 





0 136 

0.114 

17122 


a 



0 143 

0.157 

36507 




0 157 


0.186 

17517 






0 029 

17517 






0 093 

17S17 






0 079 

25007 






0 021 

25007 






0 050 

25999 






0 050 

25999 






0 071 

50904 






0050 

50904 






0 093 

25281 






0 029 

25281 ! 






0 093 

25281 






0 079 

25666 






0.043 

25666 






0 057 

50787 i 






0 029 

50787 






0 079 

25262 1 







25262 






0.093 

36452 






0 093 

17901 






0 .0B6 

25016 






0 086 

17367 






0 100 

36493 






0 057 

36578 




[ 


0036 


Several virgin soils and the corresponding cultivated samples were used in 
this investigati in order to determine the loss of calcium due to cultivation* 
These results^ also, are included in table 6. 


GENEBAL DZSaJSSlOK 

The proposed method has given more reliable results in this inveitifitiofi 
and has several advantages over the regular procedure. It is more rapid, 
the calcium precipitates are purer and less difficulty in obtaining duplicates 
is encountered* It has a further advantage In that the handling nf the am* 
monia prec4ntate, which is always mart or less troublesome and which intro* 
duces errors in separations of this character, is avoided. 

In an ordinary clay analysis, where small amounts of caldum and of other 
constituents are to be determined, the ammonia precipitate is difficult to 
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and tlus is further complicated in a soii because much lai^er amounts 
of phoqpluMnis, iron^ caiduiii, mangianese and other efements are often present 
The chief difficulties in the regular procedure have been the hydrol3rBation of 
fMc or aluminium phcM^te in the ammonia precipitate and its passing 
through the ffiter in a coUoidal form on washing with hot water and the oc« 
elusion of calcium^ probably in the form of phosphate. It was xrot found 
possible in all cases to prevent this by the addition of ferric chloride, as is 
often recommended, but the substitution of a salt solution, such as ammonium 
nitrate, instead of hot water, might have been very beneficial. Iliis was not 
tried, for the reason previously stated, but even if it had been, it could only 
have prevented hydrolyzation or the formation of a colloidal solution, while 
the error caused by the occlusion of calcium in the ammonia precipitate would 
still have to be overcome, especially in those soils which had a large content 
of calcium phosphate. It should be borne in mind that any method for the 
estimation of total calcium in soils has its limitations when applied to samples 
that are comparatively low in this element, for a variation of one-tenth of 
a milligram in the weight of CaO obtained on a one-gram sample is equivalent 
to 0.007 per cent of the element. Consequently a variation of a few tenths 
of a milligram in duplicating, which is prol^bly the best that can be expected 
on such samples, in work of this character, amounts to considerable on soils 
which contain only a few hundredths of 1 per cent of this element. Dis¬ 
agreement of duplicates when working on soils of this character caimot be 
attributed altogether either to the method or individual but, even if such 
duplicates do not agree closely, they undoubtedly show that the soil is low 
in this constituent. 

From an examination of the foregoing tables, it will be observed that some 
of our cultivated soils are very low in caldum arid frequently this holds true 
for the corresponding virgin soib. In fact, from other work done on these 
and similar soib but not reported here, their calcium deficiency assumes 
equal importance with their low phosphorus and even low nitrogen ^content. 
An application of one ton of limestone or of calcium phosphate per tore to 
such soib frequently supplies more calcium than b already presikit. In such 
cases there can hardly ^ any doubt that the increased plant ^wth following 
applications of these materiab, or even of some commercial fertilizers, b due, 
at least in part, to the plant-food caldum which these materiab supply, in 
addition to other good results which they may accomplish. 

SXmUAMY 

1. The procedure which b often irted and has been adopted by the Aaso- 
dation of Official Agricultural Chembts for the determination of caldum In 
a soil solution does not give accurate results. 

2. The chief<dtfficulties encountered in its use have been due to the passage 
through the filter of iron arid aluminium compounds dther from hydrolyzatioii 
of ferric and aluminium phosphates in the ammonia precipitate or in a colloidal 
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oondition auaed by wuluiig with hot mter, ud to the ocdmioB ol cddiaa, 
ptobobfy as the phoiiditte, in thb precipitate. 

3. Atteaipts to prevent these enors the addition of ferric chloride have 
not been sttooeaiftil. 

4. Other modifications of the above procedure and substitution of other 
methods have not been altogether satirfactoiy for this determination when 
the process involved separation of the ammonia prec^utate previous to the 
estunation of the calcium. 

5. A proposed method which diminates the chief sources of error of the 
regular procedure has been found to give more concordant results and is 
more rapid. 

6. smne of the methods used in this woric were tried on a synthetic 
smi solution a better agreement was obtained than iriien the same were 
plied to soOs, This verifies the author’s previous experiences that a synthetic 
solution does not always act in the same manner as a solution of the soil which 
it is supposed to represent. 

7. T^ total caldum content of a large number of Kentucky soils, both 
virgin and cultivated, has been detomlned, and it appears in nearly every 
instance that cultivation has caused a considerable loss <rf this element 

8. From an investigation of which this work is only a part and which has 
included several hundred samples taken from nearly all the counties in this 
state, it has been found that the best types of soil contained the highest con* 
tent of calcium and the poorest had the lowest. 

9. Many samples have been found to be so l^'w in calcium that thdr defi¬ 
ciency in thiscorutituent requires consideration as well as their low phoqihorus 
and nitrogen supply. 

10. The aiqiUcation of a ton of limestone or ai rock phosphate per acre 
to such soils frequently adds more calcium than is already imsent 

11. There is no doubt that, in such cases, these materials, or even moderate 
applications of some commercial fertihsers, are beneficial because of the plaiit- 
food caldum they sup|dy, in addition to other good effecu they may acoomplirii. 
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THE USE OF CARBON BISULFIDE AGAINST THE WHITE GRUB> 

WILUAM H. WOOD 

Formtrly ol Ike New Jersey AgrktiUmU Experiment SMten 
Rceeived for pulillattloa May 17,1930 

mtiODUcnoK 

The control of soil-infesting insects has always been an exceedingly vexa¬ 
tious problem for the economic entomologist. Their subterranean feeding 
habit renders them immune to the ordinary methods of control by stomach 
poisons or contact insecticides, while in many cases the 2- or 3-year life cycle 
adds another complication to an already complete problem. The usual recom¬ 
mendations for the control of such pests are crop rotation and fall plowing.* 
These methods, while quite applicable to crops which mature in one growing 
season, are impracticable when infestation occurs on plants or enpx of a more 
permanent nature. In New Jersey the greatest recent injury has occurred 
in lawns, golf-greens and strawberry beds. In lawns and golf-greens the 
nature of the injury is such that the roots of the grass are eaten off just below 
the surface of the ground. In strawberry beds the injury is done when the 
plants are set out in land which was previously in sod; In this case the roots 
of the plants are cut off below the crown, resulUug in extreme cases in the loss 
of the entire bed. For this injury the common white grubs, larvae of Lack- 
nosUma beetles, are responsible. In order to effect a fea^le control of these 
insects when present in such locations, some method must be devised vdiich 
will exterminate the Insect, and at the same time not injure the plant it Is 
infesting. The method chosen for this purpose was soil fumigation with 
carbon bisulfide. The problem to be solved was to determine whether a 
dosage could be found which would be fatal to the grub, and at the sa«»e 
time not injure the plant. The problem was divided into three parts, the 
determination of the maximum dosage non-injurious to the jdant, the deter- 
minatloh of the minimum dosage lethal to the grub, and the determination 
ol the infiuenr* of tempeimture and moisture conditions upon the effective¬ 
ness of the fumigation. * 

1 Technics! Paper Nio. 5 of the New Jtnty Agricoltnrsl E]q>eriiiicat Stetion, DeparlSMBt 
of Entomolofy. 

* Tbh bvettigatioa was suggested by and cMded <Mit under the sopeivIsloB of Dr* 

J. H eadlee, Professor of Entomology at Rutgers College, to whom 1 wish to txp n m my 
indebtedness for aid and enoouragement throughout the ooutse of the woHi. 

*$hice this paper was written sodhtm cyanide has been soccessfiiSy used agabst white 
grubs by F. A. ^itfmsa of the Roessler and Haasladier Chemical CoasiNmy, by W. H. 
Coodwin and finally by J. J. Davis of the Rhreitoa Eatomoloiical Labofatoiy. 
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The Biftteriil for the studfee on the control of the wUte gn4> was obtah^ 
dnrii^ the fall of 1915. The grubs were dug from an unculdvated fidd in 
sod where they were found at the roots of grass and weeds. The materia} 
was presierved alive according to the method given by J. J. Davis (1). Briefly 
outlined, this method consists of placing a single grub in a small tin ointment 
box, with moist earth, and carefully steriliaed wheat which has been dq)rived 
of germinating power by heat. The necessity for killing the wheat and sterO- 
king it was stown by previous experience, when the adieat kemek germinated 
inside the boxes, and fungus i^res attacked the wheat in other boxes, render¬ 
ing it unfit for larval food. By this method of preservation, larvae were 
k^t alive and vigorous from October, 1915, to May, 1916. 

DETERIflNATlON OF THE MAXUCUB DOSAGE NON-XNJXTUOUS TO PLANTS 

The first phase' of the problem, the determination of the maximum dosage 
non-injurious to plants, was attacked by trying the effect of carbon bisulfide 
on plants grown in the greenhouse. The flats in which the plants were grown 


TABLE 1 

TemptnUuu of soU amd of lUr—-first maadmwm dosage ex^erinuiU 


DATE 

Alt 

•LUTOAM 

BLIJtOltAli AMO CU>VSlt 

MAsimttm 

lllnimttm 

SoMdiy 

Soil 

medium 

SoU wet 

Soil dry 

Soil 

medium. 

Soil wet 


•F. 

•F. 

•F. 

•F. 

•F. 

mm 

•F. 

•F. 

2- 5-16 

92 

68 


64 

63 

n 

70 

64 

2- 7-16 

73 

6S| 

1 

75 

1 

72 

71 

1 

2- 8-16 

65J 


63 

63 

61 

1 65 i 

64 

62 

2- ^16 




66 

63| 


mm 

62 

2-10-16 

83 


69 

70 

73 



71 

- 11-16 

80 

58 

57 

61 

61» 

60 


60 

2-12-16 


57 

58 

60 

61 

60 

60 

61 

2-14-16 

1 " 

45 

50 

49 

50 

49 

48 

49 


were 31 by 15 inches and 6 inches deep. Inasmuch as lawns are chiefly made 
up of a mixture of Kentucky bluegrass and white clover, six flats were planted: 
two flats each of bluegrass, of white clover and of a mixture of the two. Iliese 
flats were prepared for the experiments by enclosing a section having an area 
of 1 square foot, and a deptji of 5 inches (the dq>th of the greenhouse bench) 
in a square casing of galvaifized iron, which was driven down to the bottom 
of the bench. Caihon bisulfide (Leto and Fink, technical) was introduced 
into each of three flat% flat each of bluegrass, clover, and a mixture of 
the two, at the rate of i|Mpces to each section. The dose was introduced by 
means of a fupette into a hde 3 inches deep placed in the center of the sec¬ 
tion. Soil and air temperatures are recorded in talde 1. Determinations of 
the actuaf soil moisture were not made, but it is thouc^t that they were about 
the same as shown ki later experiments on page 23. 























USE OE CAXBM mmMom AOduam white ohue tf 

A month after the introduction of the carbon Usulfide no ai^fauent injury 
had been done to any of the plots with the l-ounce charge of caH>0h 
OBoept for the very sli^t contact kili incidental to the introduction of the 
material. This eiqperiment demonstrates that under the above conditiofia, 
2 ounces ci carbon bisulfide may be used on Iduegrass, white dover, or a 
mixture of the two, without injury to the plants. 

As a continuation of the above experiments, six fiats of the same 
as those used in the preceding experiment, containing timothyi red clover, 


TABLE 3 

Ttmperaiwt€ of soil and of air^socond maximim daiai$ txporiment 



1 Am 

1 


1 


1 


DAXB 



1 nuomY 

exovn 

vmom mm cxDim 

Utakaum 

Minimum 




1 




•F. 

V. 

•F, 

•P, 

V. 

■P3M 

•jr. 

*F, 

12- 4-15 

66 

** { 

S3 

53 

47 

W 

54 

S4 

50 

SO 

.51 


55 

54 

12- 0-15 

m 

so 1 

50 

50 

46 

46 

50 

50 

49 

49 

48 

1 

51 

51 

12- 7-15 

69 

so 1 

54 

54 

49 


54 

54 

51 

51 

53 

53 

56 

65 

12- 8-15 

72 

46 1 

55 

55 

54 

54 

53 

54 

54 

54 

55 

55 

55 

55 

12- 9-15 

72 

40 { 

55 

54 

55 

53 

bz 

53 

52 

53 

56 

56 

55 

56 

12-10-15 

73 

{ 

61 

61 

59 

59 

61 

61 

60 

60 

60 

60 

61 

60 

12-11-15 

71* 

48 { 

60 

61 

60 

61 

58 

59 

58 1 

«9 

60 

59 

59 

59 

12-13-15 

j 


sa { 

61 

62 

60 

61 

62 

62 

62 

62 

61 

61 

61 

62 


and a mixture of the two, were divided into two parts by a board partition. 
Thus, four plots of each mixture were formed. 

The (dots of timothy, red clover and the mixture of the two designated as 
No. 1 received 2 ounces of carbon blsul^de; those designated as No. 2, No. 3 
and No. 4 received 1) ounces, 1 ounce, and } ounce, respectively. Maximum 
and minimum temperatures were taken daily except Sundays, lable 2 
bc^w gives the soil and air temperatures. 

Eleven days after the introduction oi the carbon bisulfide an exattiInntloD 
of the pbts for injury was made. The lesults are given in table 3. 

•oit watnmm, x, ito. 1 
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AicondiMions to be drewn from tbe e^wriaent, At «tempemtun of Sff. 
m bdow, 1 ounce of carbon bisulfide baa no detotoiious effect on such 
piaots as timothy and red’clover. Amounts in esoess of 1 ounce are slig^y 
injurious to clover, but injury to timirthy manegBgihle. fri all tbese eiperi- 
mMts on plants, the pleats were at the moat only 6 weeks or 2 months old, 
and were vigorously growing* In other words, their rate of metabolism 
was very high, and they were in a favorable omdition for injury to occur 
from the use of so toxic a material as carbon lasulfide. 

The next eiqreriment to determine Ithe lethal dosage for plants duplicated 
the method us^ in the first experiment with Kentucky bluegrass and white 
clover. Plants of the same kkd were used, bring placed under as nearly 


TABUS 3 

of carbon disulfide apfilicaUons—maximum dosage experiments 


tLAMT 

Of nor 


KIMAKa 


1 


Slight injury at point of introduction 

Timothy... ^ 


u 

Injury leas than preceding 


1 

No apparent injury 



1 

No apparent injury 

' 

1 

2 

Injury greatest at point of application. Many plants 

Red dover . 


11 

killed 

Injury less 



1 

No perceptible injury 



1 

No injury 


1 

2 

Few timothy plants killed. All clover dead near hole 

Timothy and 

2 

11 

Clover suffered more than timothy, which was little 

red cbver.. 

3 

1 

bjured 

Scattering injury to cbver, none to timothy 


4 

1 

Clover slightly injured. No injury to timothy 


similar conditions of soil moisture as possible, but the temperature was not 
controlled, as this was impracticable under greenhocise conditions. In this 
experiment the effect of higher dosages with carbon bisulfide was tried. A 
uniform dose of 5 ounces to the square foot was applied in the same manher 
as in the preceding experiment. ^il and air temperatures were taken daily 
and are given in table 4. 

The moisture of the soils at the begiiming of the experiment was: dry 
5«29 per cent, medium 10.93 per cent, wet 21.37 per cent on the bluegrass 
pbts; on the mixed |Aots it was: dry 6.07 per cent, medium 12.97 per cent, 
wet 19.56 per cent 

Xkxet weeks after the begbning of the e]qperiment, no injury was apparttit 
to any of the plots eacnpt one of Uuegrass. This plot received exacUy the 
same treatment as aB the other plots, and no reason can be detected for the 
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effect of the carbon binilfide in thia caae, .ff indeed the carbon Mudide naa 
re^Mneiblefortbeinjiiiy. The Uoegraae in the pbt containing the nistare 
of blnegtaas and adiite dover ms iniajuied. 

Aocwding to these reeults iqgiarently 5 ounces of carbon bisulfide can be 
used under the above conditions without injury to a mixture of bluegraai 
and white dover. 

Experiments performed outdoors on a lawn seem to show that a dosage of 
5 ounces is mjurious to grass. A plotdf grass near the greenhouse was selected, 
and a series of holes made with a dibble. Six rows of four holes each were 
made, with the holes one foot apart in each tow and the rows one foot apart 
In the first and fourth rows the holes were 3 inches deep; in the second and 

TABU 4 


Tmperatun of the soil and of tks ak’^fosi loikal dosaie oxpoHmmU 


DATS 

A» 

WVOtatLAMB 

■LUniAlt AMD CLOVSt 

MAximun 

Minimum 

Soil dry 

SoU 

mgdlum 

«SoUirac 

Solidly 

Soli 

OMdium 

SoilwM 



V. 

•f. 

*F 

Y. 

mm 

mm 

■1 

•f. 

3-11-16 

92 

54 

63 

64 

19 


K9 

63 

3-12-16 

86 


70 

68 


72 

mM 

70 

3-13-16 

75 

53 

72 


mm 

73 

70 

70 

3-15-16 

78 

52 

73 


BB 

73 

69 

68 

3-16-16 

70 

41 



19 

69 


67 

3-17-16 

83 

47 

74 

72 

Hfl 

72 


70 

3-18-16 

86 

42 

69 

69 

64 

70 

68 

66 

3-20-16 

86 

51 

69 

70 

69 

71 

68 

67 

3 22-16 

93 

51 

74 

72 

72 

75 

71 

70 


fifth rows 6 inches deep, and in the third and sixth rows 12 inchai deep* A 
line passed through the center of each row divided the plot into two equal 
parts, one d which was watered freely, while the other was not watered. 

The first three rows, consisting of twelve holes, received a charge of 1 ounce 
per hole, while the last three rows received a charge of S ounces per hole* 
About 2 weeks after the charge had been placed, the ptot was examinedi and 
it was found luat while there was no injury to the grass which surrounded 
the holes in which a l-ounce charge had been placed, all the grass for a dhh 
tance of approAdmatcly 4 inches from the hole ^ been killed by the applica¬ 
tion of 5 ounces. Neither the depth of the hole nor the moisture eolation 
seemed to influence the result, as the killing was quite uniform with a S-ounce 
charge. With the facts ascertained previously in hand, it was not damned 
necessary to use a greater charge than 5 ounces, as the lethal dose appsiued 
to be somewhere in the neighborhood of 5 ounces or less, the sod tempera* 
ture at the b^inmng of the experfaaent was 63^. and did not vary greatly 
during the week next succeeding the appiicationu 
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not kill outright, for many grubs which, when first removod from the jars, 
riiowed no signs of life wm very active 24 hours after removal frmn the 
Jars amtaining the fumigant In this manner it was found that at a tempera¬ 
ture of 65^., 5 drops, or approximatdy 0.2 cc., d carbon bisulfide in 2000 
cc. of air will not kill, while 10 drops in 2000 cc. was fatal to all grubs sub¬ 
jected to it. The mqperiment was checked through twice in order to make 
sure of the dosage. 

The experiment was then tried on grubs in the soil. The volume of air 
remaining in a container, ^riien filled as completely as might be with soil, was 
determined ai^roximately by displacing the air with water. In this way it 
was determined that the container held about 425 cc. of air in addition to the 
soD it contained when full. On this basis, fumigation in air-tight containers 
in chambers in which the temperature could be maintained constant was 
tried. The necessary temperature was maintained by electric-light bulbs of 
different filaments and candle-power, contained in the chambers. . The tem¬ 
perature was first regulated ifi the chambers before placing the grubs in the 
containers, and then the grubs were placed in the soil and the containers 
sealed. The larvae were allowed to become acclimatized for 24 hours before 
introducing the carbon bisulfide. One drop of the fumigant to each container 
was used, corresponding to one drop to each 425 cc. of air. This in turn 
corresponds closely to the dosage determined before as not fatal to the grub 
at a temperature of 65^. A series of temperatures was run, beginning at 
65®F. and including 75®F., 85®F., 95®F. and 105®F. The temperature of 
105^. could not be used in a fumigation experiment, as of itself it was 
sufficient to kill the grubs in 24 hours without the addition of carbon bisulfide. 

The results of the experiment were as follows: 

At 65^ F. one drop of CSs in 425 cc. of air will not lull. 

At 75* F. one drop of CSi in 425 cc. of air will not kill. 

At S5* F. one drop of CSi in 425 cc. of air will kill. 

At 95* F. one drop of CSi in 425 cc. of air will kill. 

At 105* F. the grubs were killed by the heat effect alone. 

Thus it is shown that the ^ectiveness of the fumigation is dependent upon 
the temperature, being more effective at the higher temperatures. This is 
in accord with the literature in regard to fumigation against other insect 
pests. 

THE INfLUENCE OF 1COI8TXJRE UPON THE EFFECTIVENESS OF FUMIGATION 

In this series of experiments the effect of soil moisture was investigated, 
to discover any idationship between soil moisture and effectiveness of fumi¬ 
gation. The aoQl}^ used was the same as that In the experiments upon the 
minimum dApe for the grubs (page 20). Three soil-moisture conditions 
were used, b^p determined according to the Official Methods for Sdl Anal¬ 
ysis, as foBows: wet, mwture 24.72 per cent, medium moisture 12.3 per cent, 
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and dxy miwtuie 4.67 per cent. Three charges of carbon bisulfide were used^ 
OJ ounce, 0*5 ounce, and 1 ounce. Twelve flats were used, each 15 by *30 
inches and 6 inches deep, all filled with the same type of s^. These were 
divided into four series of three flats each, on a bs^s of the dose received. 
The firstserksof three flats were treated with the 0.1«ounce charge, the seocmd 
with the 0.5-ounce charge, and the third with the 1-ounce charge, while the 
fourth, a check, received no treatment. In each of these series of three flats, 
one flat contained dry soil, the second medium-moist soil, and the third, wet 
soil. The grubs were placed in cylinders of the same kind as described 
under the heading Minimum dosage lethal to the white grub.” 

TABLE 7 


Temperature of the soil and of the air—moisture experimentSf first trial 


DATS 

AZK 

•oa 


Mudmum 

Minimum 

Dry 

Medium 

Wet 


V. 



‘ •F. 

•F. 



' 

m 

70 

66} 

2* 5^-16 

S3i 

58 

72 

67 

66 




72 

70 

62 



' 

68} 

68} 

65 

2-10-16 

83 

60 

72 

69 

64} 




71} 

69} 

64 




67} 

65 

57 

2-11-16 

80 

58 

69 


56 




69 

■■ 

58 



f 

62 

59 

60 

2-12-16 

70 

58 < 

61i 

56) 

57 



1 

62 

60 

58 

2-13-16 

80 

57 

Sunday 





' 

51 

50 

SO 

2-14-16 

61 

42 

51 

49 

48 




51 

47 

46 


The arrangement of the cages was the same as described under that head¬ 
ing. The carbon bisulfide was injected into the soil by means of a pipette, 
at a distance of 3 inches below the surface.' 

Soil and air temperatures were recorded daily during the course of the 
experiment, and are given in table 7. 

The record for the dry plot is presented in table 8. 

Table 9 shows the record on the medium-moisture plot. 

The record on the wet plot is given in table 10. 
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The eq)edments were repeated in order to determine whether any eflEect 
ooutd be obtained by trying to keq> the carbon bisulfide within the soil by 
means of a blanket d mwture, which would tend to prevent the diffu- 
si^ upward through the surface layers of the soiL All conditions for this 
eqieiiment duplicated as nearly as possible those of the preceding, the soil 

TABLES 


Eject of carbon bistdjide on white grubs in the dry plot—first trial 


Msa 

DlStAMCB 

Dim 

mnota 

mcsD 

mmanosaD 

mjimiAXivs 

MoatAxai 

•mum 

tuehn 

inchit 





0.1 

12 

5 

2 

0 

2 

0 

0.1 

12 

1 

2 

0 

2 

0 

0.1 

6 

5 

4 

0 

4 

0 

0.1 

6 

1 

4 

0 

4 

0 

0.5 

12 

5 

2 

0 

2 

0 

0.5 

12 

1 

2 

0 

2 

0 

0.5 

6 

5 

4 

0 

4 

0 

0.5 

6 

1 

4 

0 

4 

0 

1.0 

12 

5 

2 

0 

2 

0 

1.0 

12 

1 

2 

0 

2 

0 

1.0 

6 

5 

4 

2 

2 

50 

1.0 

6 

1 

4 

0 

4 

0 


The tvenge soil temperature in the dry plot, with a dose of 0.1 ounce, was 63.5^. 
The average soil temperatuK in the dry plot, with a dose of 0.5 ounce, was 65.1*F. 
The average soil temperature in the dry plot, with a dose of 1 ounce, was 65.1^. 


TABLE 9 


Effect of carbon bisulfide on white grubs in the medUm-moisture pilot—first trial 


ooei 

oniAircs 

nsra 

NUMBSa 

KiACID 

mTuniDSAO 

KUICaSlAUVl 

UOIXAUTT 

Hmmt 

inchit 

inckit 




per ant 

0.1 

12 

5 

2 

0 

2 

0 

0.1 

12 

1 

2 

0 

2 

0 

0.1 

6 

5 

4 

0 

4 

0 

0.1 

6 

1 

4 

0 

4 

0 


12 

5 

2 

0 

2 

0 

■SB 

12 

1 

2 

0 

2 

0 

0.5 

6 

5 

4 

0 

4 

0 


6 

1 

4 

1 

3 

25 

1.0 

12 

5 

2 

0 

2 

0 

1.0 

12 

1 

2 

0 

2 

0 

1.0 


5 

4 

0 

4 

0 

1.0 

■■ 

1 

4 

0 

4 

0 


The average soH tehapoatuie in the medium*m(dstuxe pbt was 62.5*F., with a charge 
of 0.1 ounce. ^ 

In the plot with 0 Jl Mme the average sell temperature was 59*F. 
fn the plot with the l^oiince charge the average temperature was 63^. 
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mcrfsture being die same within a fraction of 1 per cent, the only difference 
bemg in the amount of carbon bisulfide which was injected into the fiats. 
These new dosages were 0.5 ounce, 1 ounce, and 1.5 ounce. Immediately 
after introducing the carbon bisulfide, the soil was blanketed with mdsture 


TABLE 10 

Bjfeci of carbon hisidfide on wkUe gnths in ike wet plot--first trial 


POIB 

OISTANCB 

BSS 

KUICBXa 

FXACBO 

mTunaMAD 

NUMBBaAllWI 

ItOlXAUTf 

0UHe$s 

inches 

inches 




percesU 

0.1 

12 

5 

2 

0 

2 

0 

0.1 

12 

1 

2 

0 

2 

0 

0.1 

6 

5 

4 

0 

4 

0 

0.1 

6 

1 

4 

0 

4 

0 

0.5 

12 

5 

2 

2 

0 

100 

0.5 

12 

1 

2 

0 

2 

0 

0.5 

6 

5 

4 

4 

0 

100 

0.5 

6 

1 

4 

2 

2 

50 

1.0 

12 

5 

2 

2 

0 

100 

1.0 

12 

1 

2 

0 

2 

0 

1.0 

6 

5 

4 

4 

0 

100 

1.0 

6 

1 

4 

2 

2 

50 


The average soil temperature in the plot receiving 0.1 ounce was 63.5*’F« 
The average soil temperature in the plot receiving 0.5 ounce was 62^. 
The average soil temperature in the plot receiving 1 ounce was 64^. 


TABLE 11 

Temperature of the soil and of the air—moisture enperiments, second trial 


DATS 

All 

SOIL 

MAxIoittni 

Minimum 

Diy 

1 Medium | 

Wet 


•F, 

•P. 

V. 

mBM 

•F. 




79 


70 

3-1M6 

92 

54 

71 

73 

70 




72 

78 

71 




70 

77 

69 

3-13-16 

86 

60 

68 

71 

69 




67 

69 

70 






< 




66 

62 

68 

3-14-16 

75 

S3 

65 

68 

64 




63 

62 

62 


sprinkled on gently over the surface of all the plots. Air and aoQ 
temperatures were recorded daily, and are presented in table 11. 

The records on the plots are given in tables 12,13 and 14. 

A dry check was run, receiving no fumigation. All grubs were alive when 
examined at the end of the experiment. 
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TABLE la 

Ejfict of carbon bitulfide on wkiU ((rubs in the dry flotr^stconi triai 


wmt 

EBl 

osmi 

fnniBst 

nACED 

mmisinBAi) 

inniBnAxm 

HOKXA&m 

etmcts 

inches 

inches 




'percent 

0.5 

12 

5 

2 

0 

2 

0 

0.5 

12 

1 

2 

0 

2 

0 

0.5 

5 

5 

4 

3 

1 

75 

0.5 

6 

1 

4 

0 

4 

0 

1.0 

12 

5 

2 

0 

2 

0 

1.0 

12 

1 

2 

0 

2 

0 

1.0 

6 

5 

4 

3 

1 

75 

1.0 

6 

1 

4 

0 

4 

0 

1.5 

12 

5 

2 

0 

2 

0 

1.5 

12 

1 

2 

0 

2 

0 

1.5 

6 

5 

4 

3 

1 

75 

1.5 

6 

1 

4 

0 

4 

0 


TABLE 13 

Ejfect of carbon hisfdjide on white grubs in the medium plot—suond trial 


DOSE 

DISTANCE 

DEPTH 

NDMBEE 

P1.ACED 

NVUBSE DEAD 

NUNBSX ALIVE 

UOETAUTT 

eunces 

inches 

i 

inches 




per unt 

0 5 

12 

5 

2 

0 

2 

0 

0 5 

12 

1 

2 

0 

2 

0 

0 5 

6 

5 

4 

0 

4 

0 

0 5 

6 

1 

4 

0 

4 

0 

1.0 

12 

5 

2 

1 

1 

50 

1 0 

12 

1 

2 

0 

2 

0 

1.0 

6 

5 

4 

4 

0 

100 

1 0 

6 

1 

4 

0 

4 

0 

1.5 

12 

5 

2 

1 

1 

50 

1.5 

12 

1 j 

2 

1 

1 

50 

1.5 

6 

5 

4 

4 

0 

100 

1.5 

6 

1 ! 

4 

TABLE H 

3 

1 

75 


Effect of carbon histUJide on white grubs in Ike wei plot—second trial 


DOiS 

DUTAMCB 

DEPTH 

NDIIHSE 

PLACED 

NVMBEE DEAD 

NDXBSft AUVE 

UOETAUTY 

ennces 

0 5 

inches 

12 

inches 

5 

2 

0 


percent 

0 

0.5 

12 

1 

2 

0 


0 

0.5 

6 

5 

4 

1 


25 

0.5 

6 

1 

4 



0 

1.0 

12 

5 

2 

1 

1 


1.0 

12 

1 

2 

0 

2 

0 

1.0 

6 

5 

4 

3 

1 

75 

1.0 

6 

1 

4 

1 

3 

25 

1.5 

11 

5 

2 

0 

2 

0 

1.5 

u 

1 

2 

1 

1 

50 

1.5 

6 

5 

4 

4 


100 

1.5 

6?* 

1 

4 

3 

1 1 

75 
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In Odder to check against the possibility of diffusion of the carbon bisulfide 
downward through the bottom of the. wooden fiats used, a detennination of 
the kfiling effect of carbon bisulfide was made in two g^vanised iron pans, 
each having the same dimensions as the wooden fiats used in the experiments. 
In thb experiment two degrees of soil moisture were used, very dry (3.97 
per cent moisture) and wet (24.03 per cent moisture). The soil was the same 
as that used in the other e^riments in the wooden fiats. The dosage was 
1 ounce. Grubs in galvanized wire cages were placed as in the previous 
experiments. Soil and air temperatures are given in table 15 and the results 
in table 16, 


TABLE 

Temperature of the soil and of the air—expsriment in iron pans 


DATE 

son MoiSTtmE 

son TBIfEEBATUXt 

AIE TEMl>ERATVltS 



•F. 

•F. 

4-15-16 / 

Wet 

80 


1 

Dry 

84 

88 

4-17-16 / 

Wet 

76 


\ 

Dry 

80 1 

M 


TABLE 16 

Ejffcct of the fumigation on u^hite grubs 


DOSE 

DISTAMCX 

DEPTB 

fcon 

MUMBEE 

PLACED 

NDMBEE 

DEAD 

MVMBER 

ALIVE 

UOITALITY 

Ounces 

1 

inches 

12 

■■ 

inches 

5 

Wet 

2 

1 

1 

percent 

50 

1 

12 

1 

Wet 

2 

0 

2 

0 

1 

6 

5 

Wet 

4 

4 

0 

100 

1 

6 

1 

Wet 

5 

4 

0 

100 

1 

12 

5 

Dry 

2 

2 

2 

0 

1 

12 

1 

Dry 

2 

1 

1 

50 

1 

6 

5 

Dry 

4 

4 

0 

100 

1 

6 

1 

Dry 

4 

3 

1 

75 


C0NCLT7810NS 

Thus it appears that the maximum dosage for ordinary lawn and golf-green 
grasses lies somewhere between 1 and 5 ounces per square foot and consider¬ 
ably above the former, while the minimum dosage for the white grub is about 
1 ounce. Temperature is shown to exert a decided infiuence on the mini¬ 
mum dosage for the white grub (1 ounce at 65^F. and less than 1 ounce beiag 
necessary at 85^F. or above) and presumably also upon the maximum dosage 
for the plants. Effective work against the grub appears to require injections 
not mu^ over 6 inches apart. The soil moisture must be medium (10 per 
cent) to wet (20 per cent) for good results in grub destruction. Wetting the 
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ttti&ce of the 8(^ in cues when the mobtoie is diy (5 per cent) to medinn 
(10 per cent) seems to increase the effectiveness cdttetreatmoit ThedbatfS 
should be placed several inches below the point where the grabs are wmUi%. 

In general it may be said that this study seems to show that the control of 
the white grub ntei it occurs in ntuations in which it cannot be reached 
practically by cultural methods may be effected by fumigatioa of the aoQ 
by means of carbon bisulfide. The comlnnation oi its effectiveness against 
tte white grub, its non-pdsonous effect on plants when used in small quanti* 
ties, and die stimulating effect which small dosages have upon lawn vegeta¬ 
tion, make it a promidng means of control for the white grub. Its rdadvdy 
high cost will prove a limiting factor. 

reference 

(1) Davis, J. J. 1915 Cages and methods of studying underground insects. In Jour. 

Econ. Ent., v. 8, no. 1, p. 135-139. 



THE OXIDIZING POWER OF SOIL FROM LIMED AND UNLIMED 
PLOTS AND ITS RELATION TO OTHER FACTORS' 


J. R. NELLER 

Nw Jersey AiHcuUural Experimmt Station 
Saoehred lor publication May 14, 1920 

INTRODUCTION 

In the spring of 1908 a group of forty *^acre plots were laid out on the 
New Jersey Agricultural Ejqperiment Station farm for the purpose of studying 
the influence of lime and of fertilizers upon the soil and upon the crops. As 
shown by the report of Lipman and Blair (3) one>half>(^ these plots have 
received various fertilizer and manurial treatments, together with lime appli¬ 
cations, while the other half received the same treatment but without lime. 
Different amounts of lime have been added to another group of 28 plots, 
the checks being unlimed (5). For over ten years a careful record of yields 
of dry matter, nitrogen recovery and chemical clmges in the soil have been 
kept for these plots. Biochemically, a study of the oxidizing power of these 
soils is of especial interest because the chemical analyses show that the limed 
plots have lost considerably more carbon than those which were not limed. 

HISTORY or THE PLOTS* 

Four of the plots which will be designated as 11 A, IIB, 21 and 24 were 
selected for the biological work reported herein. The drainage of the field 
in which these plots are located appears to be quite uniform. The soil has 
been classified as a Sassafras loam. It contains a small amount of coarse 
gravel and has a maximum water capacity of 49.8 per cent. Those who 
selected the land for these plots (3) state that it had been used for general 
farming for many years and that it has not been limed for a long period, prob¬ 
ably from 20 to 25 years. 

Plot llA receives an tmual application of minerals, consistmg of acid phos¬ 
phate at the rate of 640 pounds, potassium chloride at the rate of 320 pounds 
and ammonium sulfate equivalent to 320 pounds of nitrate of soda per acre. 
Plot IIB receives a similar application, together with 4000 pounds per acre 
of ground limestone once in 5 years. Plots 21 and 24 receive annual appli- 

1 Technical paper No. 4 of the New Jersey Agricultuxal Experiment Station, Department 
of Soil Chemistry and Bacteriology. 

* Prof. A W. Blair has kindly eubmitted data for the crop and foil history of the«e plots 
and has also read the maaiitciH>t. 
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cations of acid phosphate, potassium chloride and sodium nitiate at the latos 
of 400,200and 200 pounds, ieq>ectively. In addition, plot 24 raodvedgraimd 
limestone a{q;ilications as in plot llfi. It should be stated that the first lime 
i^^fiicathm (1908) was at the rate ot only 2000 pounds per acre. 

Plots llA and IIB have been subjei^ to a S-year totatkm coniwting of 
com 1 year, oats 1 year, wheat 1 year and thnothy 2 years. The rotation 
on plots 21 and 24 has been com with vetdi as a green-manure cn^ the 
first year, oats followed by cowpeas as a green-manure crop the second year, 
wheat the third year, and timothy and clover the fourth and fifth yean. Thus 


TABLE 1 

The total dry matter during a lO^year period^ in crops from limed and unlmed fortuity plots 


YtAt 

CtOP 

nor liA 

miLDCKD 

PLOT 111 
Ltmo 

CtOP 

PLOT 21 
mnjMiD 

not 24 
umD 

Gtaia 

Hsy. 

•tiaw 

or 

•tover 

Grain 

Hay. 

■traw 

or 

stover 

Grain 

or 

atovor 

Grain 

or 

•tovar 



tbs. 

tbs. 

tbs. 

lbs. 


lbs. 

lbs. 

tbs. 

tbs. 

t90g 

Corn 

134 0 

169.7 

147.6 

177.9 

Com 

78.2 

145.5 

100.9 

159.3 

1909 

Oats 

24 5 


14.5 

■ni-w.ll 

Oats 

16 6 

59.7 

22.2 

73.6 

1910 

Oats 


177.5 

87.5 

170 d 

Wheat 

50 0 

92.5 

72.3 

132.5 

1911 

Wheat 

K1E] 

97.5 

85. d 


Oats 

42.5 

62.5 

Em 

75.0 

1912 

Timothy 


146.3 


120.9 

Timothy 











aud clover 


96.3 


108.8 

1913 

Com 

130 0 

182.5 


wm 

Com 

85.0 


167.5 

315.0 

1914 

Oats 


mvMiw 


126 0 

Oats 

66 0 

■3B 


102.0 

1915 

Wheat 


180 0 

IK 

248 0 

Wheat 

ngit] 

124.0 


148.0 

1916 

Timothy 




rm 

Timothy 


380 0 


600.0 







and clover 





1917 

Timothy 


wm 


354.0 

Timbthy 


262.0 


350.0 







and clover 





Total dry matter .... 

656 5 

1625 9 

799 6 

2128.4 


442.3 

1573.5 

596.9 


Per cent increase over 









HI 

unlimed plots .... 

20.2 

30 9 




34.9 

31.2 
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it is seen that the rotation on plots 21 and 24 has included legumes, while 
that on plots 11A and 1 IB has not. 

The dry weights of the crops of these four plots for a period of 10 years 
or two rotations are given in table 1. With few excq>tion8, the annual yield 
of grain and of straw or of stover is higher on the limed than on the unlimed 
plots. When the total yields for 10 years are considered, the yields of grain 
on the limed plots IIB and 24 are greater by 20.2 and 34.9 per cent, respec- 
lively, than those of the unlimed plots llA and 21. In the same way the 
yidds of hay, stn^w and stover are |l^.9 and 3L2 per cent greater on the limed 
than on the uiftinied plots. % * 
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The average yidkl of dry matter of the 40 pbts, e^ch indude plots llA 
and IIB is about the same on the limed as on the unlimed plots. Uptnmn 
and Blair (4) state that ^^theae e]q)eiiment8 would seem to show bey^ a 
doubti that for the light coastal plain soils, lime has very little place in rota¬ 
tions which omit legumes.” Plots llA and IIB are the only ones of the above 
series to which ammonium sulfate was added. This explains why lime in¬ 
creased the Crop yield, as the soil on plot llA is now in a very poor condition. 

Although lime has a marked effect upon increasing the dry weight of the 
crops, it does not influence the nitrogen content appreciably. The averages 

TABLE 3 


The perantage of Mol nUrogm, during a 10-yoar poriad, in dry maiior of crops taken from limed 
and unlimed fertility plots 




KOT Ua 
omjKio 

nor Its 
umo 


PLOT 21 
DHUMD 

PLOT 24 

YEAl 

cior 

Grmin 

Hty. 

straw 

or 

stover 

Grain 

Hay. 

straw 

or 

stover 

ClOP 

Grain 

Hay. 

straw 

or 

stover 

Grain 

Hay. 

straw 

or 

•tover 



Pit 

nmt 

cmU 

per 

mnt 

prr 

unt 


ettU 

tmt 

ant 

mt 

1908 

Corn 

1.48 

0.95 

1 42 


Com 

1.31 

0.50 

1.29 

0.59 

1909 

Oats 

2 37 

mWy!] 

2.26 


Oats 

WWm 

0.86 

2.26 

0.84 

1910 

Oats 

2.04 

0.58 

1.95 


Wheat 

1.91 

0.45 

1.76 

0.42 

1911 

Wheat 

2 55 


2 30 

i!lS 

Oats 

2.12 

0.97 

2.18 

0.81 

1912 

Timothy 




0 94 

Timothy and 
clover 


0.85 


0.89 

1913 

Com 

1.52 

0.82 

1.48 


Com 

mm 

0.57 

1.44 

0.82 

1914 

Oats 

2 34 

0.97 

2 39 


Oats 

WKIy 

0.73 

2.19 

0.75 

1915 

Wheat 

2.34 


2.08 

mi 

Wheat 

1.97 

0.30 

1.99 

0.28 

1916 

Timothy 


1.09 



Timothy and 
clover 


0.87 


1.20 

1917 

Timothy 

« 


1.03 


1 

Timothy and 
clover 


0.76 


0.85 

Average oer cent. 

2.09 

0.88 

1.98 

0.82 

, 

1.82 

0.67 

1.87 

0.75 


for the 10 years show a slightly higher percentage for grain, straw and stover 
on one of the limed plots but noton the other (table 2), 

Turning now to the ettkt of lime upon the soil itself, the chemical record 
shows (table 3) that the limed plots have lost considerably more carbon than 
the unlimed, for in 1917 the loss of carbon from plot IIB over plot llA totaled 
0.15 per cent of the soil weight, and from pbt 24 over plot 21,0.085 per cent. 
On t^ basis of 2,000,000 pounds of soil per acre this is a loss of 3000 pounds 
of carbon, or over 6000 pounds of organic matter in the one case and 1700 
pounds of carbon, or over 3400 pounds of oigank matter, in the seomd com- 
paris<m, in which the rotation induded legumes. 
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Umothy ftiid dover were growing o& the plots duxing the sesitm (1916) 
when they were sanqfkled for the tests given bdow. The limed soils were 
tmtkeebfy in the best physical condition^ although lime had not been applied 
for the past five years. The vegetation looked best on plot 24> foUov^ by 
llBi 21 and llA. Plot llA had a very unfavorable appearance, being partly 
covered with patches of crab*grass. Its soil is unusu^y acid because of the 
annual apidications of ammonium sulfate. 

The abwe summary of the crop and soil history of these plots prq>are8 the 
way for a better comprehension of the biochemical results obtained with the 
soil. 


TABLES 

Total carhoHt total nitrogen and lime requirement of the plots in 1908^ 1912 and 1917 
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0 085 

8 

1 
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1 1 
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EXPERIMENTAL METHODS 

Sufficient soil was obtained in November, 1916, from each of the four plots 
to permit the use of fresh-soil methods. These bulk samples were composites 
of 12 individuals from the surface 6 inches after about} inch of the immediate 
surface had been scraped away. The samples were taken at a time when the 
soil was fairly diy and were sieved through a 5-mm. sieve, in the field, upon 
a piece of oilcloth and transferred to clean glass jars. Upon reaching the 
laboratory, portions of these samples were withdrawn for determinations of 
moisture and of the number of organisms. As soon as the moisture content 
had been ascertained, amoimts equivalent to 200 gm. of oven-dry soil were 
weighed out into glass tumblers. Weighed amounts of organic matter were 
then added and mixed as thoroughly as possible with the soil. It is probable 
that the organic matter was not as well distributed as it would have been had 
the soil been dry. However, it seemed preferable to use the fresh, undried soil 
in order to approximate field conditions as nearly as possible. Finally, water 
wa3 added to the extent of 50 per cent of the soil’s maximum capacity. The 
tumblers were capped with petri dishes and incubated at 20^ to 22^C. A 
similar set was^s^ for the detenilruitions of ammonia, nitrate and total 
nitrogen present at the b^iinning of the incubation periods. 
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Nitrate/ were determined by Alien's (1) reduction method, Devarda’a 
sUoy being used. Ammonia was determined by the magnesium oxide, and 
total nitrogen by the Kjeldahl method.- Counts were made of the colonies 
appearing on Brown's egg albumim agar (2). The carbon-dioxide evolu^n 
was measured in an apparatus which has been previously used and described 
(6), except that the flat continuous base of the former apparatus was replaced 
by individual bases, grooved to receive the bell jars and sealed with paraffin 
(plate 1). Furthermore, the indrawn air was freed from carbon-dioxide by 
massing it through tubes containing i-mesh soda time (for carbon-dioxide 
determinations) instead of bubbling it through a potassium hydroxide solution. 
This’caused the air pressure within the incubation chambers to be more nearly 
normal, which, together with a slow but continuous aspiration, made the 
conditions of the test approx mate those existing in the fields. 

The carbon-dioxide determinations on the samples taken in 1916 are not 
reliable because of leaks in the apparatus. Those reported are on samples 
taken in October, 1919. 

It should be noted that the only materials added to the soil for these tests 
were: water, 0.75 gm. of soybean hay (seeds and stems) per tumbler for the 
carbon-dioidde determinations, dried blood sufficient to contain 100 mgm. 
of nitrogen for the ammonia and nitrate tests, and 1 per cent of mannite to 
the soil incubated for a determination of nitrogen fixation. The periods of 
incubation are given in the tables. 

THE OXIDIZING POWEK OF SOIL FROM THE LIMED AND UNLIMED FERTILITY PLOTS 

The oxidation activities of the limed soils were greater than those of the 
unlimed soils throughout the 16-day period during which the evolved carbon 
dioxide was collected (table 4). The largest amoun,t came from the limed 


TABLE 4 

Tk$ producUoH of carbon dioxide obtained from mixing 0.75 gm. of soybean hay wUk 200 gpt. of 
soil from limed and unlimed fertility plots 


lUTf ZMCUBATBD 

run iiA 

UMUKSP 

nor llB 

UMBO 

noT21 

UinUMBD 

nor 24 
UMBO 


rngm. 

mgm. 

mgm. 

mgm. 

0-2 

51.4 

87.0 

55.8 

109.7 

3-4 

81.9 

89.8 

49.7 

90.6 

5-8 

87.1 

142.5 

93.2 

132.8 

9-10 

61.9 

73.5 

78.7 

86.8 

11-16 

■» 

112.8 

111^.5 

122.1 

Total. 

Per cent increase over Jie ttnlimed plots. 

352.4 

43.7 

llQlllll 

388.9 

39.3 

542.0 


son of plot 24. This is the only one of the four soils which reacted alkaline 
to the VeitdIiHrtest The smallest amemnt wai obtained from the soil of the 
uoKmed plot 1 which sofl gave the greatest lime lequirmiiMtl by the Veitch 
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method. Comparing plots llA and IIB which have had identical treatments, 
except in the case of liming, it is seen that the oridiring power of the 
limed soil was 43.7 per cent greater than that of the unlimed. In a similar 
comparison the carbon-dknddc production was 39.3 per cent greater from sdl 
of the limed plots than from that of the unlimed ^ot 21. Thus these data 
' show that the greater the lime requirement of a Sassafras loam the sm al ler 
is its oxidizing power. 

As these car^n-dioxide determinations are a direct measure of the rapidity 
of loss of organic matter from these plots, it is of importance to note the 
correlation between these measurements and the analyses for total carbon 
which have been made on the soil (table 3), by which Lipman and Blair have 
shown (3) that the adding of lime has caused a considerably increased depiction 
of the organic matter originally present in the soil 10 years ago. Moreover, 
the above carbon-dioxide tests reveal the present oxidizing power of the soils 
and indicate that if organic matter were added, in a very short time it would 
largely disappear from the limed plots. These tests were made with the soil 
two summers after lime had been applied and therefore represent an average 
oxidation activity, assuming that this activity was greater during the season 
that lime was applied than during the season four years later, before the next 
application of lime. 

THE RELATION OF CARBON-DIOXIDE PRODUCTION TO OTHER MEASURES OP 
BIOCHEBflCAL ACTIVITY 

A measure of the ammonifying, nitrifying and nitrogen-fixing powers of 
a soil gives an indication of the nitrogen transformation possibilities therein, 
and merits consideration. A comparison of these factors with the carbon- 
dioxide production may be noted in table 5. Figure 1, which is based on this 


TABLES 

The production of carbon dioxide from soU of limed and unlimed plots as related to other 
biochemical factors 
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■ t9 

16.1 


S.l 
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24 

333.1 

1 11,69 

33 9 

1 +7.00 1 

6.5 
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table, shows that carbon dioxide-production, nitrate accumulation and bac¬ 
terial numbers ate considerably hightr on the limed than on the unlimed plots. 
This is also true of the nitrogen-fixation values obtained but, although each 
of these values is the average of three or more determinaticms, a comparison 
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between the plots can not be made because the experimental error was in some 
cases greater than the differences found between treatments. The ammonia 
accumulation was nearly the same for all of the plots and did not correlate 
with the carbon-dioxide production. 



1 t CHOP riXLDS 
a t COg PRQOUCTZOV 

3 t sqs AC'JUMULATZON 

4 t BaCTSRIAI. MUMBiaS 

5 8 SH 5 «sCCUIItaAT 20 S 


UnXinte UatS 

Woti llA and SI Watt X18 and 84 

Fig. 1. A Comparison Between Crop Yields and the COj Production, Bacterial 
Numbers, Nllt and NOi Accumulation of Soa from Limed and Unlimed Plots 


TABLE 6 


Duplicate determinations of averages given in tabUi 4 and 5 
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OF THE sonj 

The average increase in the dry weight of crops Iran the limed plots shows 
a marked relationship to the increased carbon-doxide production and nitrate 
accumulation in the soil from the same plots. Bacterial numbers were abo 
greater in the soil from which larger crops were obtained (fig. 1). But the 
relationship is especially close between crop yields and carbon^ozide pro¬ 
duction. Thus the average increase in total dry matter on the limed plot 
IIB over the unlimed plot llA is 28.3 per cent (table 2) and the increase in 
carbon dioxide production is 43.7 per cent. The corresponding increases for 
plot 24 over plot 21 were 32.0 and 39.3 per cent, respectively. When the 
percentage increase of crop production for the past 5 years is considered, it 
even more nearly approximates the percentage increase in carbon-dioxide 
production, as the differences between the crop-producing power of the plots 
were greater during the second rotation period. 

CONCLUSIONS 

If sufficient orgamc matter is present, the addition of basic substances, such 
as lime, generally results in a greater crop production and in a greater drain 
upon the soil. Assuming that the spil should not be allowed to become 
depleted in its supply of organic matter, the amount of liming to be done 
depends upon the balance between the cost of an increased feeding of the soil 
and the value of the increased crop production. Since plant growth is bio¬ 
logical in nature, biological studies of a soil may possibly indicate its crop- 
producing possibilities more closely than purely chemical or physical studies— 
not considering fluctuating climatic conditions which are often the determin¬ 
ing factors. This investigation gives evidence that future crop production may 
be indicated by a measure of the oxidizing and nitrifying power of the soil; 
and that some of the information as to what a soil needs in order to pro¬ 
duce more, may be obtained from a manipulation of the same methods. 

SUMICAEY 

1. Fresh soils from the surface 6 inches of four -jf^-acrc fertility plots at the 
New Jersey Agricultural Experiment Station were tested for their oxidizing, 
nitrifying, ammonifying and azofying powers. 

2. The oxidizing power of the soil from the limed plots was approximately 
40 per cent greater than that from the unlimed plots. 

3. For thb soil type (Sassafras loam) the oxidizing power varies mversely 
with its lime reqwement. 

4. Nitrate a^x^ulation and bacterial numbers were higher on the limed 
soils whereas the ammonia accumulation was about the same for all the 
pbta. 
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5. The average crop yMd for the past 10 years varia dosdy with the 
present oaddising power of the ac^. There is also a noticeable correlatkm 
between crop yield, nitrate accumulatfon and bacterial numbers, but not 
between crqp j^d and ammonia accumulation. 
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Pk> 1. nhiitimtkm ikowing lour of the twelve units of an apparatus used for detennin- 
Inf the carbon dioxide produced by soil organisms 
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lEE DETERMINATION OF CARBON DIOXIDE IN WATER- 
INSOLUBLE CARBONATES* 

C S. ROBINSON 

ItiMim Apiadharal Exftrimm t Stalten 
Kioilfid for ^katka Ifoar S, 1920 

The methods described in this article are modifications of two recently 
devised for biological work, the original apparatus and methods of procedure 
having been altered to render them suitable for use with such materials as 
limestoneSi marls and soils. For purposes of discussioi^ they will hereafter 
be designated as (a) the titrimetric method and (b) the gasometric method. 

THE TITIUMETRIC METHOD 

This method was originally devised primarily for the determination of the 
carbonate content of bones, though it was pointed out that it could also be 
used for any carbonate-containing material. The following is the technic 
originally described. 

The sample is weighed into a tube 20 to 25 mm. in diameter and placed in 
a 250-cc. suction fiask containing an excess of O.IA'' barium hydroxide. A 
one-hole rubber stopper holding a dropping funnd is then inserted into the 
mouth of the fiask in such a way that the stem of the funnel projects into and 
somewhat below the top of the tube containing the sample. A short piece of 
heavy-walled pressure tubing holding a screw clamp is slipped over the side 
arm of the fiask. When this tube and funnel are m {fiace the flask is evao 
uated to a pressure of less than 50 mm. of mercury and the screw damp 
dosed. Approximately 1 N hydrochloric acid is then allowed to enter slowly 
through the dropping fuitr 1 , running down the inside of the tube and decmn* 
posing the sample of carbonate with the liberation of carbon dioxide which is 
absorbed by the barium hydroxide. When decomposition is complete the 
fla&k is rotated for thr^ minutes or more to break up the surface film of 
barium carbonate and permit the complete absorption of carbon dioxide, 
after which the screw damp is opened and the stopper, funnd and tube re¬ 
moved, the liquid adhering to the outride of the tube bring washed badr into 
the flask. The excess barium hydrate in the flarir after being wariied thxom^ 
a Gooch crudble to separate it from the pred)[>itated carbonate, is titmtod 
with (kl N HCl, with phenriphthalein as ^ indicator. ' 

< Jcuiiiri artide No. 16 from the Chemicri Laboiatcay of the MlcWgsa Agifeititiiial 
OpQcfe Ej^perimeat Sutkm. PubUsbed by prrmiwtnn ol the Director of the Eaperimeat 
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Thb technic without modification is quite suitable for the analysis of lime* 
stones and marls. Certain precautions however, are to be observed. We 
found, for instance, that the violent evolution of gas taking place when the 
first drop of add came into contact with the dry sample caus^ some of the 
solid to be carried either out of the tube entirely or so far up onto its walls 
that complete decomposition was attained only with difficulty. This was 
obviated by covering the sample with water. This diluted the ^t few drops 
of add to such an extent that the initial reaction was slowed down so that the 
subsequent evolution of gas could be regulated. 

As a matter of routine the addition ci a drop or two of octyl alcohol is also 
to be advised. Unless this is done a persistent froth forms frequently with 
marls and occasionally with limestones which makes it necessary to add add 
very slowly. This materially lengthens the time required to complete a 
determination. 

The minimum amount of wash water must be used in transferring the 
excess barium hydroxide to the titration flask and this wash water must be 
neutral to phenolphthalein. The whole procedure should be carried out as 
speedily as possible with the minimum exposure of the barium hydrate to the 
air. To facilitate this we use a disc of filter paper in the Gooch crucible 
instead of the usual mat of asbestos. This allows the filtration to be carried 
out rapidly. The carbonate is precipitated in such a form that there is no 
danger of its passing through such a filter. The technic of the operation can 
be checked from time to time by blank determinations in which the whole 
procedure is carried out with the omission of the sample. 

For the anal3rsis of soils, which, as a rule, contain so little carbonate that 
it is necessary to take samples of several grams, the above procedure must be 
modified because of the difficulty in obtaining a complete mixture of the 
sample and the acid in a small tube nearly full of solid. We have therefore 
reversed the relative position of alkali and sample, weighing the sample 
directly into the flask from a weighing bottle and placing the standard alkali 
in the tube. The stem of the dropping funnel is bent slightly to permit it to 
be placed in position outside of the tube and so admit the acid into the flask 
itsdf. In other respects the technic employed is the same as that followed 
above. 

THE GASOMETEIC METHOD ( 1 ) 

This method was originally designed for the determination of COi in blood 
plasma but was suitable for the analysis of all carbonates in solution. We 
have so modified the apparatus that it can be used equally well for materiab 
in the solid form, the cmly changes necessary being a larger burette to hold 
the greater Vblume of gas produced Item samples of high<arbonate materials 
usual sixe and an opening of sufficient diameter to permit the introduction 
ol such samples. Figure x shows the apparatus.* 

* The appantuB h being made by the Emfl Greiner Company, 55 Fulton Street, New 
York. 
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It consists of a 10-cc. burette having the upper 2 cc. graduated in 0.02 cc. 
and the remaining 8 cc. graduated in 0.05 Cc. The upper end of this burette 
is doted by a three-way stop-cock having one aim bent as illustrated and the 
other one sealed to a cup holding 5 to 10 cc. graduated to 5 cc. in 0.5 cc» The 
lower end of the burette is sealed to a bulb of such size that the whole appa¬ 
ratus will have a capadty of 50 cc. from the stop-cock A ton, mark between 
the bulb and the stop-cock The openings in the stop-codes B and C 
should be large, as mercury is forced through them. 

The stopper D should be as close to B as convenient in order to reduce the 
space above it and the total capadty of the stopper and right-hand tube F to 
which the stopper is attached should be about 5 cc. The stopper diould be 
hollow and the end should be open. It should be set at right angles to F, 

The lower outlet of C is attached by a piece of heavy-walled suction tubing 
to a leveling bulb filled with mercury. 

The following is the technic employed in making a determination. For 
marls, limestones or other materials so high in carbon dioxide that a sample 
of less than 500 mgm. vdll liberate not over 10 cc. of gas the hollow stopper 
serves as a weighing bottle and the material is weighed into it, the tube being 
filled with mercury up to the mouth of P to reduce the air space which must 
subsequently be evacuated. For carbonate-poor substances such as soils, 
the sample is weighed into the tube F, being introduced by means of a test- 
tube funnel. 

The whole apparatus except the right-hand tube F between B and C (but 
induding the right-hand hole in C) is then fiUed with mercury. With the 
stop-cock A dosed and the connection open between B and C through the 
tube £, the levding bulb is lowered to such a position that the mercury level 
drops below C, evacuating the burette, bulb, etc.® The cock B is then turned 
through a complete revolution establishing, as connection is made temporarily 
between them, equilibrium in gas pressure in the tube F and the evacuated 
space above it. The levding bulb is then raised to a position above A and 
this cock opened, allowing the escape of the entrapped air. Repeating this 
operation several times reduces the air in the apparatus to a negligible amount. 
The sample is now hdd in a gas-free apparatus. 

Approximately normal HCl is next poured into the cup above A and exactly 
2.5 cc. admitted to the burette, the levding bulb being hdd about even with 
the stop-cock B. The bulb is then lowered to the lowest position and the 
mercury allowed to flow out through the tube JS, the cock B bdng dosed 
while a little mercuiy still remains above it. If the sample is of such material 
that it is still contained in D, the mercury in the tube bdow it is now per¬ 
mitted to flow out through C, which is dosed leaving a few drops above thin 
cock to seal it. B is then turned to allow the add to run into the tube F. 

• This is cooveakstfly done by means of a heavy cord of proper length attached to the 
bulb by one end and by the other to the su{^it holding the apparatus. 
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The «amiJe, If not originAlly wei^^ied into the tube, is out of the 
stO{^>er into the add. No precautic^ need be taken to moderate the vio* 
fence of the reaction as any parddes of the sample carried up into the bulb 
will be decomposed later. The apparatus should be shaken so that all of the 
sample is washed out of the stopper D and down from the walls of the tube. 

TABLE 1 


Carbon dioxide indicated by reading of V cc,itf gas after a singfe extraction 


nUPtKATIIll 

Of ANAI.T8IS 

I 

A 

TlMfBlATDII 
Of AtCALftn 

M 

A 

•c. 

ee. 

MINI. 

•c. 

u. 

mtm. 

15 

0.051 

^xi.9as 

23 

0.045 

1 


16 

0.050 

4X1924 

24 

0.044 

ixi.B. 

17 

0 049 


25 

0.043 

rax*"' 

18 

0.048 


26 

0.042 

^xi.m 

19 


^X1.M9 

27 

0.041 

^Xl.TJt 

20 

0 047 

4xi.»r 

28 

0.040 

^xi.m 

21 

0.046 

ixiiW 

29 

0.040 

^xi.m 

22 

0.045 

^Xl.SM 

30 


^Xl.TM 


TABLE u 


Yalu»,/^ 


BAEOICKWt 

B 

fw 


B 

760 

H 

B 

760 

lAIOIOKIE 

B 

m 


0.947 


0 966 

748 

Ba 

762 

1.003 


0.950 

736 

0 967 

750 

BIB 

764 

1.006 


0 952 

738 

0 971 

752 


766 

1 008 


0.955 

740 

0 974 

754 

0 992 

768 

1.011 

728 

0.958 

742 

0 976 

756 

0.995 

770 

Ha 

730 

0 961 

744 

0.979 

758 

0.997 

772 

Bt9 

732 

0.963 

746 

0.981 

760 

1.000 

774 

■a 


When the evolution of gas has stopped, the communication between the 
leveling bulb and F is opened and the stopper and tube co^^>letely filled with 
mercury up to the 50<c. mark. B is thm dosed and the apparatus shaken 
with a rotary motion in such a way that the liquid is distributed in a thin 





























46 


C. S. XOBINSON 


layer about the walls of the bulb luidl equilibrium between the gas in solution 
and that in the free space is attained. The liquid is next quickly drawn back 
into F, by lowering the leveling bulb and cpemag B which, however, is closed 
before any gas passes into it. C and B are finally turned to allow mercury to 
flow up into the burette through E while the acid is retained in F, the leveling 
bulb is raised until the mercury surface in it is on a level with that in the 
burette and the gas volume read. A fraction of a cubic centimeter of acid 
will unavoidably be held in the burette. This will cause no appreciable error 
in the results but care must be taken to read the gas volume at the surface of 
this liquid and not at the mercury surface, although it is the levels of the two 
mercury surfaces that are equalized. 

The temperature and barometer readings should be noted at the time of 
reading the gas volume which affords sufficient data to* permit the calculation 
of the weight of COi obtained from the sample by means of the tables^ 1 and 


TABLE 2 

Comparison of gasotnctric and iiirimetric methods of determining carbon dioxide 


lAMfUt 

CAtBON DIOXIDI 

SAICrUE 

CAESON DIOXmB 

Gasometric 

Titrimetric 

Gaiometric 

Titrimetric 



caul 


Per ant 

Per ant 

Calcium carbonate . 


43 84 

Limestone, No. 4. . . 

40 220 

40 550 

Limestone, No. 211. 


43 21 

Marl. 

42 400 

42 290 

Limestone, No. 212 

42 29 


Soil, No. 5. 

0 015 

0 014 

Limestone, No. 213.. 

41 25 

41 69 

SoU, No. 10. 

0 075 

0 077 

Limestone, No. 1. 

43 88 

43 97 

Soil, No. 16. 

5.000 

4.860 


1a. For a complete discussion of the principle of the method the reader 
is referred to the original article. Suffice it to say that it depends upon the 
generation of gas in a Torricellian vacuum, the measurement of that portion 
of the gas contained in a volume of 47.5 cc. in equilibrium with the gas dis¬ 
solved in 2.5 cc. of water and the calculation of the total volume of gas*from 
its known solubility in water at the temperature of the determination, correc¬ 
tion being made for the air dissolved in the 2.5 cc. of water.® 

Table 2 gives the results of analyses of various materials made by the two 
methods. 

The deciding factor in the selection of the method to be used is the mag¬ 
nesium content of the material under examination. For magnesium-free or 
hm-magnesium limestones the gasometric method is much to be preferred. 
As the magnesium content increases, the rate of decomposition deaeases so 

< Purtly taken fiom Van Slyke (1, p. 317 and 360). 

* This may however be deteimined for each anab^ by introducing a few drops of alkali 
into the i^jparatus through the cup after reading the total volume of gas. The COk will of 
oeme be absorbed leaving the air, the volume of which may then be read off after equal- 
iring the mercury levels. 
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that with some samples of dolomite several hours are required for the complete 
decomposition of a 100 mgm.*sample.* Under such circumstances the method 
of choice is, of course, the titrunetric one since the cost of the apparatus 
required for running several determinations simultaneously is aTt^Ll1 in com* 
parison with that needed for making a corresponding number with the gaso* 
metric method. 

In this laboratory the gasometric method, however, has proven of great 
value for the rapid, routine, proximate examination of marls and limestones 
where great accuracy is not required. For this purpose the reaction is allowed 
to proceed for seve^ral minutes until the initial violence has subsided. With 
pure caldum carbonate this time is sufficient for the completion of the reaction 
and the results will be correspondingly accurate. With ordinary, low-mag¬ 
nesium materials they will be low in proportion to the amount of magnesium 
present. Ordinarily, where this does not exceed 5 per cent the error will be 
less than 2 per cent. , 

Of the two methods the gasometric one is the more accurate. The possible 
sources of error in it are fewer and the gas volumes can be read to 0.02 cc., 
or about 0.04 mgm. CO 2 . Assuming 0.05 cc. as the limit of accuracy for read¬ 
ing the titration values in the titrimetric method, the corresponding error 
would amount to approximately 0.1 mgm. C02- This value of course, is 
augmented by errors introduced in transferring solutions from one flask to 
another, the absorption of COj from the air, etc. 

REFERENCES 

(1) Van Slyke, D. D. 1917 Studies of acidosis; Part II. Methods for determination of 

carbon dioxide and carbonates in solutions. In Jour Biol. Chem., v, 30, p. 347. 

(2) Van Slyke, D D. 1918 Determination of carbon dioxide in carbonates. In Jour. 

Biol. Chem, v. 36, 351. 
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CONTENT OF PLANTS AND THE FUNCTION OF CALCIUM* 

F. W. PARKER ADD E. TRUOG 

Department ef Sotts, AgrUullural Experiment Station, Vniiereity ef Witcontin 
Received for publication Majr 21, 1920 

The supply of calcium, especially in the carbonate form in the soil solution, 
becomes less as soils become more acid, and hence, in order to understand 
the relation of soil acidity to plant growth it is necessary to know something 
about the ftmetion of calcium in the metabolism of plants. One method of 
securing evidence regarding the function of an element is to observe the rela¬ 
tions that exist between the amounts of this element and other elements or 
compounds that are present in different species of plants. In this way infor¬ 
mation may be obtained which indicates that either the element forms a part 
of certain compounds, or else it takes part in processes closely related to the 
formation or subsequent changes of the compounds. Both of these func¬ 
tions may, of course, be performed by an element. This brief preliminary 
paper sets forth the results obtained by applying this method of attack to the 
determination of the function of calcium, and reports a fairly close relation¬ 
ship between the calcium and the nitrogen content of plants, indicating that 
at least to some extent the use of nitrogen by plants involves the use of calcium. 

THE RELATIVE COMPOSITION OP PLANTS 

In table 1 the composition of 34 species of plants is given vith respect to 
nitrogen, calcium, phosphorus, magnesium, and potassium. These data were 
taken from the sources ^’dicated, and are believed to be as reliable as any 
available. In the case of some plants the results of analyses of the different 
parts were found recoided without the weights of these parts. When this 
was the case estimates of the percentage of the total weight formed by the 
different parts were made and used in the calculation of the composition of 
the pWt as a whole. The percentages of, magnesium, phosphorus, and 
potassium were obtained from the sources indicated for calcium. 

Figure 1 gives a graphic representation of the data of table 1 and is b^ter 
for comparative purposes. The plants are arranged from left to ri^^t in the 
order of incrqfising percentages of nitrogen. 

^ Published with the peimissum of the Diitctor of the Wisconsin Agricultural Experiment 
Station. 
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The composiium of pianis {dry-maUer basis) 
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Sorj^um {Sorghum vulgartt saicharalum ).. . 

Meadow Fescue {Pestuca pratensis) . 

Water Grass {Paspalum laeoe) . 

Red-Top {Agrostis vulgaHs) . 

Timothy (Fhleum pratense) . 

Com (Zea mays) . 

Ofchaid Grass {Dactyiis glomtrata) . 

Kentudey Blue Grass {Poa pratensis) . 

Oats {Avena saHva) . 

Potatoes {Setamnm tuberosum) . 

Rye (Secale cereaU) . 

Bermuda Grass {Cynodon dactylon) . 

Barley {Hordeum salhum) . 

Wheat {TrUicum vtdgare) . 

Hone Radish {Cochleria armoracia) . 

Sugar Beet (Beto vulgaris) . 

LniHiie {iMpimu hksUus) . 

Onion {AUium cepa) . 

Red Clover {TtifoUum pratense) . 

Ahike Clover (Trifolium hybridum) . 

Sweet Clover IMeiUotus alba) . 

Mammoth Clover {TrifotUsm medium) . 

Serradella {Ormthopus sativa) . 
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The outstanding feature of this figure is the rdation between the calcium 
and the nitrogen content of the plants. The potassium content varies con* 
siderablyi and there is no relation between it and the nitrogen content. Phos¬ 
phorus increases with nitrogen, but to a much smaller extent Phosphorus 
is not a constituent of all proteins, and therefore it need not necessarily vary 
with the nitrogen content. Furthermore, a considerable portion of the 
phosphorus usually exists in an inorganic form. According to the work of 
Ames and Boltz (1) approximately 50 per cent of the total phosphorus in 
the alfalfa plant is in an inorganic form. Hence, while there should be some 
relation between the nitrogen and phosphorus content, it need not necessarily 
be very dose. 

The magnesium content is more irregular and is relatively low in all cases* 
Its function being probably that of a phosphorus carrier, one would expect 
it to vary with the phosphorus and nitrogen, as it does in a very general way. 
Since the same magnesium may possibly be used over again for this purpose 
the total amount present need not necessarily increase regularly with increas¬ 
ing amounts of nitrogen and phosphorus. 

THE RELATION OF CAiaUM TO NITROGEN 

Caldum increases more regularly with increasing nitrogen than any of the 
other elements. There are marked variations, but since the data were taken 
from many sources, the results may not be strictly comparable in all cases. 
However, the data do indicate that there is a rdation between the caldum 
and the nitrogen content of plants. For ease of comparison and in order to 


TABLE 2 

Range of nitrogen and calcium percentages according to relative figure 


BILAIZVX riouix 

SANOK Of NmoOKN PSSCXNTAGB8 
DlSKWAnO BY XBLATIVK YtODU: 

lANOX Of CAlCnm fSBOPITAOBB 
DSSIONATID BY IBLATIVX YlOUtX 

1.0 

0 -1.30 

0 -0.48 

1.5 

1.31-1.60 

0.49^.68 

2.0 

1.61-1.90 

0.69-0.88 

2.5 

1.91-2.20 

0.89-1.08 

3.0 

1.21-2.50 

1.09-1.28 

3.5 

2.51-2.80 

1.29-1.48 

4.0 

2.81-3.10 

1.49-1.68 

4.5 

3.11-3.40 

1.69-1.88 

5.0 

3 41 and above 

1.89 and above 


eliminate »nall irregularities due to various causes, relative figures of the 
mtrogeu and caldum contents of the plants are induded on the basis indicated 
in table 2. 

The agreement of the relative figures is fairly good. In the case of plants 
high in nitrogen, the rdative figures for caldum are usually higher than for 
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nitrogen. This is due to a higher n^tio of caldiun to nitrogen^ in d icated in 
the table. The ratios of calcium to nitrogen for the first seventeen plants 
as given in the table, are of the same order. The ratios of the last seventeen 
plants are of another order which is nearly twice as large as that of the first 
group. This indicates that the plants of the last group require nearly twice 
as much calcium for a given nitrogen content as do those of the first group. 
This relation is clearly shown in figure 1. 

The plants are thus conveniently divided into two groiq)s. The first 
group, having the average calcium-nitrogen ratio of 0.306 is composed almost 
entirely of members of the grass family, plants which as a class have a low 
lime requirement (11) and are quite tolerant to soil acidity. The second 
group, having an average ratio of 0453} includes the Iqgupes and plants 
which in most cases respond to liming and are sensitive to soil acidity. These 
data indicate an important difference in the metabolic processes of the two 
groups. Just what this difference is has not been determined definitely, but 
a possibility is indicated in the following discussion. 

FUNCnON OF CALCIUM 

Calcium functions in the plant in at least two ways. It serves as plant- 
food material and as such enters into the composition of proteins and other 
plant substances (8). In many plants, especially those high in calcium, a 
relatively small portion of the total amount is required for this purpose. A 
greater portion of the calcium taken up by the plant is probably used for the 
neutralization and precipitation of the acids in the plant sap (11). The car¬ 
bonate and bicarbonate are the principal forms found in the soil solution 
that will perform the latter function. These forms after entering the plant 
react with the acids neutralizing them, liberating carbon dioxide. Oxalic acid 
is one of the strongest and more common of the plant acids. Reacting with 
calcium bicarbonate, it forms the neutral and insoluble calcium oxalate. 
Crystals of this oxalate are found in many plants. 

The sources of plant acids are not definitely known. Many metabolic pro¬ 
cesses within the plant undoubtedly give rise to acids, some of which may be 
viewed as by-products. Some investigators hold that carbohydrate meta¬ 
bolism is an important source of plant adds. Protein formation involves 
reactions in which considerable amounts of add may be produced. The 
decomposition of proteins in the life processes of plants offers many other 
possibilities for add formation. The decomposition is probably brought 
about by oxidation, and as has been indicated by several investigators (10), 
the oxidation of protein produces adds among which arc acetic, succinic, 
capronic, formit and oxalic. 

Since a large portion of the calcium in many plants is used for the neutrali¬ 
sation of adds, there should be more caldum in plants producing large 
amounts of add. Assuming protein metabolism as an important source oi 
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adds, A high protein or nitrogen content should be accompanied by a high 
calcium content. This conforms with the data presented in table 1. 

^s already indicated, the group of plants with a high caldum and a high 
nitrogen content also has a higher ratio of caldum to nitrogen. This may be 
partly due to the existence of poorer conditions for the complete oxidation 
and destruction of acids in this group, and hence the greater need and use of 
caldum carbonate for the neutralization of the adds. Since the conditions 
for oxidation in the different plants undoubtedly vary, an explanation is 
offered for the marked individual differences in the caldum-nitrogen ratio of 
certain plants. This explanation conforms with the suggestion of Mac* 
Dougal, Richards, and Spoehr (9) that acid formation and accumulation in 
some plants may be due to poor oxidizing conditions within the plant tissue. 
On this basis, poor conditions for oxidation in plants increase the need for 
caldum in the carbonate form. There are, of course, a large number of other 
possible factors that may affect this need, and hence thfe ratio of caldum to 
nitrogen: e.g., the varying amounts of nitrogen in other than protein form 
may affect the calcium-nitrogen ratio to an appreciable extent in some cases. 

The relation of calcium to nitrogen and important plant compounds and 
processes needs to be more carefully investigated with the more refined meth¬ 
ods which have been devised in recent years. Undoubtedly, if a large number 
of different plants were grown with different soil treatments and then analyzed 
at various stages for calcium and different constituents and conditions, much 
extremely valuable information would be obtained regarding the relation 
of these to plants. In this connection the publications of Burd and Hoagland 
regarding some of these relations should be mentioned (3, 6, 7). 

SUMKARY 

1. There is a rather close relation between the calcium and nitrogen content 
of plants. 

2. The contents of potassium, phosphorus and magnesium do not bear 
this close relation to the iiitrogen content. 

3. The important agricultural plants may be divided into two groups; 
viz., (a) those having a low caldum-nitrogen ratio and a low lime require¬ 
ment, and (b) those having a high caldum-nitrogen ratio and a higher lime 
requirement. 

4. Protein metabolism is probably one of the chief sources of plant adds 
and this may give rise to the need of caldum in the carbonate form for the 
neutralization of these adds. 
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At the meeting of the American Chemical Society at Boston in 1917 Cowles 
(1) and Scheldt presented experimental data witii plants from which they 
concluded that dicaldum silicate has a greater value than either ground lime¬ 
stone or calcium hydrate as a fertiliser material, and that silicon is an essen¬ 
tial element and promotes plant growth * 

Upon the solicitation of Mr. Cowles, who desired to have the work repeated 
with other soils and under other conditions, advantage was taken of an oppor¬ 
tunity afforded in connection with an experiment conducted for another pur¬ 
pose, to include dicalcium silicate*’ and ‘‘hydrated silica,” prepared by the 
Electric Smelting and Aluminum Company, Sewaren, N. J., of which Mr. 


Cowles is president. 

According to Mr. Cowles, 75 to 80 per cent of the dicaldum silicate may 

be considered as having the composition of (CaO)*SiOa, the remainder being 

zeolitic material composed of sodium, calcium, aluminum and silicon which 

has resisted the solvent action of boiling water for an hour. The following 

analyses accompanied the material: 

^ ^ ptrcml 


SiOt . 

AhO,. 

FcO,. 

CaO. 

MgO. 

CQi and H|0 
Na,0. 


28.70 

6.27 

1.88 

46.81 

2.94 

6.93 

6.47 


100 00 


It is the leached residue of a sinter produced from a mixture of silicates, 
lime and sodium carbonate in the manufacture of disodium aluminate. 

The hydrated silica was reported as having the following composition: 


SiQi... 

HiO... 

NaiSO, 


5S.90 

40.01 

4.09 


100.00 


> Contribution 371 from the Rhode Islaad Agricultural Eaqieriment Statiou at Ki ngito n . 
• Results published by the Electric Smeltfag and Ahuninum Company, Sewaren, N. J. 
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The practical control of insects which spend the whole or a greater part of 
their lives underground has been in the past and continues to be a most diffi¬ 
cult problem. In America we have depended almost entirely on agricul¬ 
tural practices for the control of soil-inhabiting insects, particularly those 
attacking field crops. Some years ago apparently successful experiments 
were conducted against white grubs in lawns with kerosene emulsion (1) but 
subsequent tests by other entomologists were so conflicting that the use of 
kerosene emulsion has never become general, although frequently advocated 
in literature. 

Carbon bisulfide has been recommended for the grape Phylloxera^ grub 
worms, and other undergroimd insects in Europe and especially in France, 
and has been suggested by writers in America, but like kerosene emulsion it 
has never come into general use. More recently (8) carbon bisulfide has 
been found to be quite effective for destroying the woolly aphis and data at 
hand indicate its practical usefulness against other underground pests. Its 
use for general crop pests such as white grubs seems impractical, however, as 
was illustrated in a series of experiments conducted by VH, H. W. Komp, a 
senior student at Rutgers College and working under the direction of Dr. 
Thos. J. Headlee (6). He found that common white grubs (Lachnostema sp.) 
in lawns could be controlled by injecting carbon bisulfide into the soil at the 
rate of approximtely | ounce to the square foot which would cost, at 10 
cents a pound, $272 per .'*rre, an amount prohibitive except for very inten¬ 
sively cropped land or very small areas. These experiments were not suffi- 
cienUy comprehensive for conclusive results and, furthermore, the bisulfide 
was injected to a depth f omy d inches, which condition would probably not 
permit a maximum diffusion^ of the gas. Our own experience with carbon 
bisulfide indicates that its use against most white grubs and similar insects is 
impractical, but that it can be used to advantage to destroy ant colonies and 
to kill grubs which have an open burrow, such as grubs of the southern green 
June b^tle {Cotinis niUda). 

More recently the cyanides*-~sodium cyanide, potassium cyanide, and 
hydrocyanic acid—^have come into prominence as effective and practical for 
the control of many underground pests. The pioxieer work with sodium 
Qranide as a soil insecticide should probably be attributed to J. A. Hyslop 

dl 
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of the United States Bureau of Entomology and F. A. Kaufmann of the 
Roesder and Hasslacher Chemical Company. Hyslop’s experiments in 1913 
(7) showed that cmnmerdal sodium cyanide (39 to 40 per cent cyanogen) 
applied dry in hills of com or potatoes at the rate of 300 pounds per acre, will 
kill wireworms and not injure the soil permanently but that it cannot be 
applied with safety to crops while the crops are on the land or immediately 
prior to seeding. Although Kaufmann’s results were not recorded in litera¬ 
ture, as early as October 1915 he issued a mimeographed statement of his 
experiments which was distributed generally to entomologists, and his results 
were the basis for trying out cyanide against the Japanese beetle grub. In 
this mimeographed statement Kaufmaim records the effective use of granular 
sodium cyanide in solution to destroy ants and white gmbs (presumably 
Lachnostema sp.) at a strength which will not ordinarily injure grass. The 
strength advised is | ounce of sodium cyanide to 1 gallon of water, this amount 
to be sprinkled over an area of about 6 square feet (56}i pounds in 7260 
gallons of water per acre) which is afterwards thoroughly watered. 

A carefully planned series of experiments were made by Peterson (10) for 
the control of wireworms with sodium cyanide and his results show that 
while these insects can be killed with large quantities of cyanide the amount 
necessary (300 pounds per acre) to bring about control makes it too expensive 
for ordinary use. Within the past few months, results of experiments with 
sodium cyanide for the control of the peach borer have been published (2). 
In this case the writer concludes from his experiments that this material is 
unreliable because, on account of its solubility under varying conditions, it 
often proved injurious to trees. The experiments are not reported in detail 
but one might infer that xmder certain prescribed conditions cyanide could 
be used effectively and without injury to peach trees. 

Experiments conducted in 1914 and 1915 with calcium cyanamide (45 
per cent CaCN*) against the root-knot nematode by J. R. Watson led him to 
conclude (11) that this material applied at the rate of from 1 to 3 tons per 
acre and thoroughly mixed with the soil reduced the number of nematodes 
to an extent sufficient to permit profitable growing of susceptible plants. 
Injurious effects of the cyanide to newly planted crops persisted for a number 
of months in some cases. Sodium cyanide was found to be a satisfactory 
control for this nematode according to the experiments conducted and re¬ 
ported by W. P. Duruz (4). He reports "nearly a perfect control’* in green¬ 
houses when two applications were made at the rate of 200 pounds of sodium 
cyanide in 14,520 gallons of water per acre for each application. Moist warm 
soil and aeration by occasional stirrings were necessary for the best results. 
Se^ of such plants as tomato, radish and cucumber germinated sati^mM^ 
wImO. |danted««a week after the last treatment. Another series 

recentcly recorded by L. P. Byars (3) shows that sodipa ^ 

paitt) and ammonium sulfate (3 parts) applied at the rate of^|6w and 5400 
pounds per acre failed to eradicate completely the root-knot nmatode and 
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the author concludes that the method is not practical against this nematode 
although it seemed to be more efficient than most chemicals which have been 
tried. There seemed to be no difference in effectiveness when applied dry 
and as a liquid. 

Comprehensive and valuable data on cyanide gas as a soil fumigant have 
been obtained and reported by E. R, de Ong (9). His experiments were con¬ 
ducted to determine the effect on plants, diffusion in soil, etc., rather than to 
determine the effect on insects and with applications in gaseous form rather 
than in liquid. His most important conclusions from our point of view were 
that “a heavy damp or a very wet sandy soil is almost impervious to hydro¬ 
cyanic-acid gas” and that “gas generated in a soil body diffuses with extreme 
slowness in day soils or very wet sandy soils, but in sand with a medium 
amount of moisture, diffusion of gas is much more rapid.” He condudes 
that “sodium cyanide offers a satisfactory means of fumigating masses of 
loose, porous soil, especially those with only small amounts of day, or of 
seed-beds and potting soil” and that “such treatments allow of mu A wider 
range of concentrations when the soil is not occupied by a crop.” 

The author wishes to review here his own brief experience with the more 
common soil insectiddes. 


KEROSENE EMULSION 

Kerosene emulsion has been repeatedly recommended for various kinds of 
underground insects but very few experiments have '»een made to affirm or 
disprove its value. In 1888 W. B. Alwood tested kerosene emulsion against 

TABLE 1 


Results with kerosene emulsion against PopiUia grubSf Riverton, iV. /. 
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the white grub of the southern green June beetle (CoHnis mtida) on the Crp- 
itol grounds at Washington, D. C., with apparent success. However, his 
statements are contradictory to the life history of this spedes of grub and it 
therefore ai^)ears likdy that other grubs were present and confused his con- 
dusions. A few years ago the writer had an opportunity to test out kerosene 
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emulsion against grubs of Cotinis on a golf green at Louisvillei Ky. An 8 to 
10 per cent emulsion was found to be quite effective in destroying 80 per cent 
of these grubs when applied in August at the rate of 1 gallon to 6 or 8 square 
feet (5445 to 7260 gallons per acre) and afterwards throughly washed in 
with water. A slight browning of the tips of the grass was the only injury to 
the grass when the treated area was afterwards sprinkled with water. Against 
grubs of the green Japanese beetle {PopUUa japomca) we obtained a kill of 
25 to 54 per cent (table 1) when an 8 per cent kerosene emulsion was used at 
the rate of 1 gallon to 4 square feet (10,890 gallons per acre). In the same 
series of tests against PopUlia grubs sodium cyanide has always given an 
appreciable better kDl than the emulsion. We conclude that, as a rule, kero¬ 
sene emulsion is not as satisfactory a soil insecticide as is cyanide because 
it is less effective, more expensive and more difficult to make up and apply. 

COAL TAR OR CREOSOTE PREPARATIONS 

Emulsifiable coal tar or creosote preparations which are essentially com¬ 
posed of coal-tar oils, 53 per cent (percentages approximate); phenols, 12 
per cent; water 10 per cent; and a saponifying agent, 25 per cent, are little 
known as soil insecticides. Our own experience with “ Carco,** a commercial 
preparation, and Barrett’s disinfectant (sold only for disinfecting purposes 
but analyzing about the same as “Carco,” giving equal insecticide results 
and very much cheaper) has not been extensive but we did find that it killed 
grubs of the green June beetle, being only slightly less effective than kerosene 
emulsion when diluted 1 to 125 parts of water and applied the same as the 
emulsion, that is, 1 gallon of diluted mixture to 6 or 8 square feet and after¬ 
wards sprinkled with water. The creosote mixtures brought a large per¬ 
centage of the green June beetle grubs to the surface where they died; but 
kerosene emulsion is apparently a more rapid killing agent, as the dead grubs 
are more often in the soil although a few do come onto the surface before they 
die. We have repeatedly tested Barrett’s disinfectant against the green 
Japanese beetle grub and the recorded results are given in table 2. 

As a soil insecticide against the commoner white grubs it appears to be 
equal to kerosene emulsion but not as good as sodium cyanide. 

MISCELLANEOUS TESTS 

Corrosm sublimate. Repeated tests have proven the ineffectiveness of 
corrosive sublimate against our conunon white grubs. 

Sulfuric acid. According to reports sulfuric add has been used with appar¬ 
ent success against white grubs, in Europe. We tested it against the Japa¬ 
nese beetle grub^^ using it at the strength of 1 of add to 96 of water, 1 to 48, 
and 1 to 24, a|:plying 2616, 1308 and 872 gallons of diluted solution, respec¬ 
tively, per acre, but with none of these applications could we get better than 
a 10 per cent kill. 



TABLE 2 

Results with Barrettes disinfectant against PopiUia grubs^ Riverton, N, 7. 
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AU of tbe PopUlia grubs were 4 to 6 inches below the surface at the time of treatment. 
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Acetaldehyde was used against the green Japanese beetle grub in varying 
strengths up to 1 to 48 of water at the rate of 5232 gallons of diluted solution 
to the acre, and 1 to 96 at the same rate per acre. It was wholly ineffective 
in a number of tests and the very best kill was less than 12 per cent 

Kopper^s solution. A by-product received from the Kopper^s Company 
and reported to analyze approximately 25,per cent carbon bisulfide and 75 
per cent benzene gave negative results when used at a dilution of 1 to 48 and 
5232 gallons of diluted solution to the acre, the best kill of a number of tests 
being 9 per cent. 

SODIUM CYANIDE 

Among the important considerations in determining methods of controlling 
the Japanese beetle were methods of destro 3 dng the insect in the grub stage 
since tiie greater part of its life is as a grub in the ground. Mr. Goodwin, at 
the time in charge of the control operations, conducted numerous ei^ri- 
ments, as reported at the last annual meeting of the American Association of 
Economic Entomologists (5), obtaining a kill of 65 to 90 per cent of the grubs 
where sodium cyanide was used in solution at the rate of approximately 110 
pounds in 26,000 gallons of water, per acre. The past spring a considerable 
area infested by the grubs was treated according to this formula, but later 
counts showed that the kill averaged not over 25 per cent for the season. 
Experiments conducted by the use of a hand sprinkler gave far better results 
and a careful study of the conditions clearly indicated that the low mortality 
was due, not so much to the material used as to the method of application 
which in this case did not allow sufficient penetration. Accordingly, the 
sprinkler pipes for use the past fall were modified and as a result the cyanid- 
ing operations, which have been in charge of Mr. C. H. Hadley, on the 32 
acres treated have given an average kill of about 80 per cent, the average up 
to the latter part of October being about 90 per cent but rapidly dropping off 
as the cold weather set in. Granular sodium cyanide was used at the rate 
of 165 pounds in 12,000 giallons per acre. Plate 1 illustrates the two types of 
sprinklers referred to above, the one (fig. 1) having 1-inch holes 10 inches 
apart, while the other (fig. 2) has |-inch holes averaging 48 holes to the foot, 
the pipe in both cases bedng 3-inch. 

Two methods of applying the liquid sodium cyanide were used. For small- 
plot tests of one to several himdred square feet the ordinary sprinkling can, 
with the holes enlarged to about i/^-inch in diameter, was employed. This 
method is applicable for small areas such as lawns and home gardens. For 
large areas of one-half to ten or twenty acres 600-gallon tanks mounted on 
heavy wagon frames and drawn by a caterpillar-type tractor were used. 
These were fittqd wttil perforated pq)es as described above and illustrated in 
plate 1, figure 2. flow was gravity and regulated by a gate valve 
Vrhich could be operated by the driver of the tractor. The water supply was 
obtained from nearby creeks by means of a centrifugal pump and pipe line 



TABLE 3 

with sodium cyanide against PopiUia p^s, tank applications^ Rdvertont N. J. 
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Kesidts vUk sodium cyanide against Po^ia grubs, sprinkler applicaiions, Riverton, N, J, 
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and where a field of several acres was being treated it has been found most 
economical to use three tanks, two trhctors and three men, one to mix and the 
pther two to drive the tractors. As one tank was emptied the driver returned 
to the water-supply pipe, there leaving the empty tank to be filled and letum- 
ing to the field with a full tank. The empty tank was filled by the time the 
other tank in the field was emptied and thus the cyaniding operations were 
continuous with no loss of time for tractors or men. By this method 3 tanks 
can cover 3 acres in a day. Where it is possible to approach the water pipe 
from both sides one stand-pipe is sufficient but where it is necessary to fill 
along roadways it is necessary to place two stand-pipes, to prevent blocking 
the road as illustrated in plate 2, figure 1. By this method and by using 
granular sodium cyanide (96 to 98 per cent cyanogen) at 165 pounds per 
acre the cost per acre for material (cyamde 26} to 30} cents) and labor ($4.00 
to $5.00 per day) was $49.00 to $56.50 

Dry cyanide was applied by broadcasting for small plots and with a fer¬ 
tilizer drill for larger plots. The latter method is not entirely satisfactory 
on account of clogging, especially in moist weather. 

The results of a series of experiments given in tables 3 and 4 are worth 
recording. The tests and examinations were made by men familiar with our 
methods of applying the insecticide and with methods of making examinations 
but not otherwise experienced in entomological practices. The experiments 
are somewhat miscellaneous in nature, as it was impossible to follow up all 
details on account of pressure of other work and the services of an experienced 
experimenter were not available. 

In obtaining the results, areas 1 by 9 feet were dug at more or less regular 
intervals in the treated field. An eye hoe was used for this purpose and the 
loosened soil (pi. 2, fig. 2) was then carefully examined by hand to determine 
the number of dead and live grubs. Where the plots were small individual 
square feet instead of square yards were examined. 

In general, our observations clearly indicate that the percentages of mor¬ 
tality as given in tables 3 and 4 are low, since the grubs, especially the smaller 
ones, disintegrated rapidly after death and were easily overlooked. It was 
found that ground covered with timothy, weeds or similar vegetation per¬ 
mitted better penetration of the insecticide if the crop was closely mowed 
and consequently a more satisfactory kill was obtained than where the 
vegetation was tall or matted. Applications of dry cyanide, broadcasted 
or drilled, and the treated area afterwards watered gave appreciably and 
uniformly poorer results than where the cyanide was applied in liquid form. 
Where comparisons were possible we observed that cyanide was more effec¬ 
tive against Cyclocephala^ Lachnostema, and Macrodactylus grubs than against 
PopiUia; in soipe cases the difference was apparently due to greater resistance 
and in some cai^ because the PopiUia grubs were earlier influenced by ap¬ 
proaching cold weather and had penetrated deeper during the latter part of 
October than had the other grubs. 
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little 18 known of the effect of cyanide treatment on soff, Byers (3) reports 
no serious injurious or retarding effkt on the germination or growth of 
dasheens whim sodium cyanide had been applied^ but that smaO quantities 
increased the growth and larger treatments retarded growth the first season; 
others report similarly. In our own experiments it was found that grass 
might be burned by the cyanide solution but that there was no permanent 
injurious effect except where the liquid stood in low places for a considerable 
period of time. Cultivated crops such as com were appreciably injuredby 
the treatment. We have no definite observations on the permanent effect 
of cyanide treatment on the soil but we do know, from chemical anal 3 rses 
by C. S. Cathcart, state chemist of New Jersey, that the cyanide dis¬ 
appears in the course of a week or ten days after treatment or even in a shorter 
period in case it ramed during the interval. J. C. Clark, of the Henry A. 
Dreer Company, used soil treated with sodium cyanide (1 and 2 ounces 
per 100 pounds) and sodium cyanide with ammonium sulfate (2 ounces NaCN 
and 3 ounces (NHOiSOi per 100 pounds of soil) for several varieties of seed¬ 
ling ferns and found no serious injurious after-effect, except to certain sensi¬ 
tive varieties, particularly the holly fern which died when started in soil 
previously treated as above. Walter S. Lenk, of the Roessler and Hasslacher 
Chemical Company, has kindly furnished us with numerous reports of experi¬ 
ments and observations made by F. A Kaufmann and R. N. Sargent, which 
give further light in the use and value of sodium cyanide as a soil insecticide. 
Their results indicate the value of a combination of granular sodium cyanide 
and ammoniiun sulfate (400 pounds NaCN and 500 to 600 pounds (NH4)sS04 
per acre) the two being added to the soil successively and thoroughly mixed. 
The addition of ammonium sulfate accelerates the decomposition of cyanide 
and not only gives a prompt reaction but is at the same time a fertilizer of 
some value. They found that soil thus treated could be safely planted with 
most crops one to two weeks after treatment. We have had no personal 
experience with sodium cyanide in combination with ammonium sulfate. 
Bdore cyanide can be recommended for use in sterilizmg greenhouse soil 
many more experimeiitls will be necessary to determine the chemical effect 
K>n soil treated and the effect on different kinds of greenhouse plants when 
such soil is used for potting and seed-beds. 

It is evident for the foregoing remarks that while many isolated experiments 
have been conducted to determine the possible use of sodium cyanide as a 
soil insecticide, the whole study, which is a most important one, lacks con¬ 
tinuity and until a consistent and continuous program of investigation is 
vigorously inaugurated by some institution, preferably the United States 
Department of Agriculture, we cannot look for other than fragmentary results 
.and temporary conclusions. 
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PLATE 1 

Fro 1 Cyaniding tank, illustrating improper application resulting when a few large holes 
Alt used in the distributor pipe 

Fro 2 Uniform distribution and better penetration is secured when the holes in the 
distributor pipes of the cyaniding outfit are smaller and numerous. 
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PLATE 2 

Fio 1 Filling station for large scale cyaniding o^)er.itions. 

Imo, 2. Examining st»il to delcrminc effect of soil insecticide treatments 
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THE ANTAGONISTIC ACTION OF CALCIUM AND IRON SALTS 
TOWARD OTHER SALTS AS MEASURED BY AMMONI- 
FICAHON AND NITRIHCATION 


J. E. GREAVES* 

Department of Bacteriology^ Utah Agricultural Experiment Station 
Rooeived for pubUcatioD Jane 2,1920 

Salts which may occur in soils and those applied to them in various opera¬ 
tions influence the ph)^cal, chemical and biological nature of the soil. The 
changed physical and chemical nature may modify the number, species, and 
physiology of the soil microflora. Hence, the question arises as to what 
effect a certain fertilizer, soil amendment or soil alkali is going to have and 
especially how it acts upon the bacterial flora of the soil. This last question 
is very complex and vital. Its answer necessitates a knowledge of the direct 
and the indirect reactions into which the chemical enters, also a knowledge of 
the complex reactions catalyzed by it. Yet these are vital, for the redaiming 
of alkali soils and the maintaining of others in a productive condition advances 
as our knowledge of the intricate changes which the various salts produce 
within a soil become greater. 

Papers have already been published on the relative toxicity of various 
salts found in or applied to a soil as measured in terms of ammonification (4) 
and nitrification (5), also upon the stimulating influence of various salts on 
bacterial activities and the manner in which the stimulation is exerted (6). 

It is the purpose of this paper to consider the antitoxic action of calcium 
and iron sfidts toward other compounds. Calcium and iron compounds were 
selected because (a) they exert a marked effect upon plant growth; (b) they 
influence very materially the physical and chemical properties of the soil; 
(c) calcium sdfate is used rather extensively in the reclaiming of black alkali 
land, and (d) they are abundant and comparatively cheap; hence, if found 
effective they may be us^ in reclaiming soil which contains moderate quan¬ 
tities of alkidies. 

A careful review of the literature has been made. That dealing with the 
first two phases of the problem has been summarized in the earlier publica- 
' tbns (4, 5, 6). It b, therefore, necessary to consider in this paper 
briefly the literature dealing with the antagonistk action of salt toward salts. 

^ Most of the analytltal woi^ of this study was done by Messis. Gddthofpe, Carter, and 
Benlter. 
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HISTORICAL 

Although it has been imderstood for some time that animals and j^kuits 
require a balanced nutrient for proper development, yet the modem concep¬ 
tion of antagonism is due to Loeb who began publishing in 1901. A general 
account of his work appears in his Dynamics of Living Matter” (10). He 
worked on the development of Fundidus eggs in various solutions and found 
that these eggs are unable to form an embryo if put immediately after fertil¬ 
ization into solution of pure sodium chloride of the same concentration as 
that in sea-water. This toxicity is reduced if a small definite quantity of the 
salt of a bivalent metal is added to the sodium chloride. The salt of any 
bivalent metal is able to produce this effect except those of very poisonous 
metals, such as mercury. Even such poisonous salts as those of lead are 
able to produce this result. That this effect is due to the cation was shown 
l^y using different salts of the same metals. Trivalent cations were also 
capable of rendering the toxicity of salts of univalent metals less harmful; 
but a tetravalent cation, thorium, was found to have only a slight antitoxic 
effect. The reverse is also true, for monovalent ions were foimd capable of 
reducing the toxicity of salts of zinc. A slight antagonism was observed 
between bivalent cations, such as strontium and magnesium. 

The relative quantity of the antitoxic ion that has to be added varies with 
the concentrations of the toxic solution. Thus with Fundidus a concentra¬ 
tion of 0.25 M sodium chloride is harmless. In a 0.625 M sodium chloride 
solution one bivalent ion is required to render 1,000 sodium ions harmless. 
It was found impossible to render harmless a solution of sodium chloride 
above a certain concentration. 

It is interesting to note that these antagonistic effects hold only for the 
eggs and not for the larvae of Fundidus, Loeb, therefore, concludes that the 
antagonistic effects appear only so long as the fish is surrounded by the egg 
membrane and they are actually due to the two kinds of ions mutually hinder¬ 
ing one another’s diffusion into the egg. 

The work of Loeb on animals has been continued and developed by Oster- 
hout with much ingenuity with regard to plants. His work a^ that of his 
contemporaries has been summarized by Atkins (1), Robertson (6), Stiles 
and Jorgensen (7). The writer, therefore, has no need of making a review of 
the literature on this subject but will confer only briefly some of the general 
conclusions which have been reached. 

Before ideas on antagonism had taken a definite form Loew (8, 9,) elabo¬ 
rated a theory to accoimt for the toxic properties of magnesium ^dien calcium 
was not present in sufficient quantity. He supposed calcium to be a neces¬ 
sary constituent of the chlorophyll bodies and nucleus, and when magnesium 
is present in gieft excess this ti^ the place in those bodi^ that diould be 
occupied by caldum. This causes a structural disturbance on account of 
which the protein substances cease to be active and death ensues. It will 
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be observed tbat this will only eicplain the need for a balance between calcium 
and magnesium and is not a general theory of antagonism. In the case of 
cakium and magnesium the seat of the antagonistic action, according to this 
theory, is inside the cell in the nucleus and plastids, whereas Osterhout (16) 
Conors that the value of calcium lies in its effect at the surface between 
the absorbing membrane and the external solution, and is not due to chemical 
action inside the cell. He, therefore, explains antagonism by assuming that 
antagonistic substances prevent each other from entering the celL A diffi> 
culty which has been urged against it—that substances slowly penetrate into 
the cell wall even in a properly balanced solution—^he does not consider vital 
if it is supposed that the antagonistic substances affect certain life processes 
which control permeability. So long as they are present in the right propor¬ 
tions their effect on these processes is favorable and their penetration into the 
cell can do no harm. The preservation of normal permeability is regarded 
as the result rather than the cause of antagonism. 

Pauli (17) regards the plasma-membrane as a carrier of ions into the interior 
of the cell. The plasma-membrane is supposed to form compounds with the 
ions and by the reversibility of the process the ions enter the cell. From 
this, Szucs (22) formulates the theory that if there is outside the cell a mixture 
of salts containing two different ions, both of which are carried in by the same 
radical of the plasma-membrane, these ions must naturally hinder one another’s 
absorption; each will combine with a part of the plasma-membrane substance 
which would otherwise be used by the other ion if that alone were present, 
and so the absorption of both ions is hindered.^ 

Out of the work has grown the idea of physiologicall} balanced solutions, 
or as Osterhout conceives it, '^normal life is possible only when the necessary 
salts combine with the colloids of the living substance in a definite ratio.” 

This conception of antagonism and balanced solutions was first applied to 
a study of bacteria by Lipman in 1909. In his (11) experiments on the rate 
of ammonification of Bacillus subtilis he showed that there is some antagonism 
between sodium and magnesium. On the other hand, he (12) found no 
antagonism but increasing toxicity when magnesium and calcium were com¬ 
bined. Later he (13) demonstrate that there exists, as measured by ammon¬ 
ification, a true antagonism between sodium chloride and sodium carbonate, 
and between sodium sulfate^ a^d sodium carbonate, thus indicating that the 
cations as well as the anLns may at times play a part in antagonism. 

Kelley (7), in studying the ammonification and nitrification of certain soils, 
found no antagonism l^tween magnesium and sodium. However, Lipman 
and Burgess (14) observed ill the case of nitrogen fixation by Anotobacfer 
chroococcum an antagonism between sodium and m a gn e s i um . 

Wnslow and Falk (23) have observed antagonistic effects in experiments 
on Bacillus colu They found that cultures 8ui^>mided in solutions of sodium 
ditoride or calcium chloride were decreased in number; that higher concen¬ 
trations produced sterilisation of the culture; and that a com bi nation of 
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sodium diloride and calcium diloride in the molecular proportions of 5 to 1 
was fitvorable to the growth of the organisms. 

Shearer (19, 20) has also demonstrated similar effects of salts upon the 
viabiUty of Meningococcus and BaciUus coU. He found that a combination 
of sodium chloride and calcium chloride was favorable to growth, whereas 
each salt used separately produced a deaease in growth. 

Brooks (2) found that, as measured by the rate of respiration of BaciUus 
subtilis^ there is a marked antagonism between sodium cUoride and calcium 
chloride, and between potassium chloride and calcium chloride. The antag-* 
onism between sodium chloride and potassium chloride is slight, and the 
antagonism curve shows two maxima. 

Later Brooks (3), using the same method and organism, found a well- 
marked antagonism between magnesium chloride and sodium chloride, and, 
contrary to the findings of Lipman (12), a very slight antagonism between 
magnesium and calcium. 


EXFEKIMENTAl. WORK 

The soil used in this work, taken from the College Farm, at Logan, Utah, 
is of a sedimentary nature. It was deposited by streams flowing into the 
valley, laden with debris derived from the nearby mountains, which are com¬ 
posed largely of quartzite and limestone. A physical and chemical analysis 
of the soil is given in table 1. 

The soil used, therefore, was a sandy loam very high in acid-soluble con¬ 
stituents, but the water-soluble constituents were not excessive. The calcium 
and magnesium contents were very high and mainly in the form of the car¬ 
bonate. The soil was well supplied with phosphorus and potassium, and 
there was a fairly large quantity of iron present. In fact, all of the elements 
of plant-food were present in abundance, with the exception of nitrogen, 
which was low. The soil was very productive, and previous work had shown 
the ammonifying and nitrifying powers of the soil to be about the average 
for the soils of the arid regions. The nitrogen-fixing powers of the soil were 
above the average, and previous work had shown it to have an intensely 
interesting bacterial flora. 

Several hundred pounds of the soil were thoroughly mixed, stored in a 
large box, and kept as near field conditions as possible so that all the work 
could be done on the same soil. As the soil was needed in the work, portions 
were brought to the laboratory, air-dried in the dark, then weighed in 100-gm. 
portions into sterile covered tumblers. To each of these was added 2 gm. of 
dried blood. The whole was then carefully mixed, and the salt in most cases 
added from a carefully standardized st^ solution. This, together with 
sufficient sterile distilled water to make the moisture content up to 20 per 
cent, was thoroughly mixed in the soil. Each series, together with sterile 
blanks, was incubated at 28® to 30®C. and analyzed for ammonia or nitrates 
as the case might be. 
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In every case at least six determinations were made with each concentra¬ 
tion of the salt) and in the absence of agreement between determinations) the 
series was repeated so that the results as herein reported are in every case 
the average of four or more closely agreemg determinations. Hence) experi¬ 
mental error has been reduced to as near a minimum as possible in this kind 
of work. 

The solutions of the salts were prepared by weighing gram-molecular 
quantities of Merckxs best grade of the respective salts into 1)000 cc. of 
sterile distilled water and then quantitatively determining the amount pres¬ 
ent. In those cases in which the analysis showed the concentration wrong, 
it was corrected) so that we have a definite knowledge of the quantity of salt 
added to the soil, as the varying results reported by different investigators 
can in many cases be interpreted by the unknown variation in salts added. 

TABLE 1 


Physical and chemical composition of saU > 


PHYSICAL COMPOSITION 

CHEMICAL COMPOSITION 

SoU 

Per cent 

Constituent 

Per cent 

DoftPAP! AAnH (aKova 1 mm.). 

17 69 

Insoluble matter. 

66.69 

Fine sand (1 to 0.03 mm.). 

37 39 

Potash (K,0). 

0.55 

Coarse silt (0.03 to 0.01 mm.)... 

IS 19 

Soda (Na,b). 

0.49 

Medium silt (0.01 to 0.003 mm.). 

10 36 

Lime (CaO). 

7.41 

Fine silt (0.003 to 0.001 mm.)... 

10 32 

Magnesia (MgO). 

4.15 

Piny (below 0.001 mm.). 


Ferric oxide (FeiOi). 

2.93 

Moisture and loss. 

9 05 

Alumina (AlsOi). 

3.49 



Phosphorus pentoxide (PsOb) .... 

0.25 



Sulfur trioxide (SOi). 

0.07 



Carbon dioxide (COa). 

7.62 



Humus. 

2.18 



Total nitrogen. 

0.15 


The solutions thus prepared were added to the soil and intimately mixed 
before incubation. Then sodium) potassium, calcium, and magnesium 
salts were added in quantities sufiEcient to reduce ammoniffcation or nitriff- 
cation of the soil between 3p and 50 per cent. The calcium and iron salts 
were then added in inert .sing quantities. 

Influence of edeium sulfde 

Calcium sulfate is a strong soil stimulant and in most cases it greatly 
increases the crop yidd. This is due to a number of factors. First, it may 
liberate i^t-food such as potassium (15) and phosphorus (5); second, it 
stimulates mnnnnifirAtm n (4) to a slight extent and nitrification (6) very 
markedly; and third, it may under some conditions furnish sulfur to the grow¬ 
ing plant. It is often used in the reclaiming of *'black alkali’’ soil, mainly 
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with the purpose of transforming the black alkali into the white^ this latter 
being more readily leached from the soils. It seems probable that it may at 
time * have an antitoxic effect when applied to alkali soils. Therefore, experi¬ 
ments were conducted in which the following quantities of the respective 
salts were applied to the soil; sodium sulfate, 2760.2; sodium chloride, 460.0; 
sodium nitrate, 1840.1; sodium carbonate, 5060.4; magnesium sulfate, 2188.8; 
magnesium chloride, 972.8; and calcium chloride, 400.64, each stated as parts 
per million of the cation. This was sufficient to reduce the ammonifying 
powers of the soil to from 30 to 70 per cent of the original. To this soil was 
then added calcium sulfate in increasing quantities up to 210 parts per million 
and the ammonifying powers of the soil determined. The results are given 
in figure 1. 



Fio. 1. Diagram Showing the Antagonism of Calcium Sulfate Toward Sodium 
Chloride, Sodium Carbonate, Sodium Sulfate, Sodium Nitrate, Calcium 
Chloride, Magnesium Chloride and Magnesium Sulfate, 

Measured in Terms of Ammonification 

A true antagonism exists between calcium sulfate and each salt, except 
sodium chloride. This is greatest with sodium carbonate at a concentration 
of 50 parts per million and is largely due to its rendering insoluble the very 
toxic black alkali. This cannot be the only effect; otherwise, its antitoxic 
effect should increase until all the sodium carbonate was neutralized. The 
toxicity is reduced at this point from 33.4 per cent to only 17.1 per cent. 
The average antagonistic effect is greater toward the univalent cations than 
it is toward the bivalent cations. Both the anion and the cation apparently 
exert an antagonism, and in keeping with the findings of Brooks (3) there is a 
slight antagonistic effect between calcium and magnesium. However, a 
person would have, to conclude from the magnitude of these results that the 
main practical value of the application of caldum sulfate to soils is in render¬ 
ing inert the black alkali. Possibly had the salt concentration bemi lower 
more marked results would have be^ obtained. 
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NUrificoHon, The same salts were used in the nitrification test as m the 
ammonification. The concentrations were as follows: sodium sulfate, 1380.0; 
sodium chloride, 920.0; sodium nitrate, *460.0; sodium carbonate, 1380.0; 
magnesium sulfate, 729.6; magnesium chloride, 486.4; and calcium chloride, 
1602.56, each stated as parts per million of the cation. This was sufi&cient to 
reduce the nitrifying powers of the soil from 100 per cent to 27.26 to 71.16 
per cent. The results are given in figure 2. 

Two salts show no antagonism, sodium sulfate and calcium chloride. The 
amount noted in the case of sodium chloride is so snxall that it may be due to 
experimental error, thus making it rather certain that there is no antagonism 
between the anions, sulfate and chloride. There is an antagonism between 
calcium and magnesium in the case of the nitrifiers as well as the ammonifiers. 



Flo. 2. Diagram Showing the Antagonism of Calcium Sulfate Toward Sodium 
Chloride, Sodium Carbonate, Sodium Sulfate, Sodium Nitrate, Calcium 
Chloride, Magnesium Chloride and Magnesium Sitlfate, 

Measured in Terms of Nitrification 


It is, however, small in each case. The antitoxic action of the calcium sulfate 
toward sodium carbonate not so great as a person might expect, but the 
results indicate the possibility that if higher concentrations of calcium sulfate 
had been used the effect would have been more pronoimced. The concen¬ 
tration at which the varLds salts become antitoxic varies markedly. It is 
evident that the ynaln antagonism is between the cation and not the anion 
and is slightly more pronounced toward the univalent than the bivdent ions. 


Influence of iron salts on ammomficaUon 

Iron salts vs, sodium chloride. In this set 460 parts of sodium in the form 
of sodium*chloride was added to the soiL This was sufihdent to reduce the 
produced to about 75 per cent normal. To these was then added 
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iron in the form of sulfatei chloride^ nitrate and carbonate. The average 
reaulta from a number of closely agreeing determinations are given in figure 3. 
The untreated soil has been taken as 100 per cent. 



P #=» K1 !»■« Added. 

Fro. 3. Diagram Showing the Antagonism oe Iron Nitrate, Carbonate Sulfate or 
Chloride Toward Sodium Chloride, Measured in Terms of Ammonification 

Each salt has a slight antagonistic action which is greatest in the case 
of the nitrate and least in the case of sulfate. The fact that the antagonism 
does not appear with each salt at the same iron concentration indicates that 
the anion as well as the cation exerts an action. This, however, is not great 
for the action is nearly as great in the presence of the common ion chlorine 
as it is in its absence. 



Fio. 4. PiAORAM Shoving the Antagonisk of Iron Chloride Sulfate, Nitrate and 
Carbokaie Toward Sodium Nitrate, Measured in Terms of AioiomncATXON 
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Iron salts vs. sodium mtrale. The same iron salts as used above were tested 
in combination with sodium nitrate. The results are given in figure 4. 

In every case 1840.1 parts per million of sodium in the form of sodium 
nitrate was added. The iron carbonate had no apparent effect. All others 
exert an antagonism. This is greatest in the case of the sulfate and least in 
the case of the chloride. The antagonism is even greater than would appear 
from these drawings, for when 186 parts of iron is added to the soil in the 
form of chloride it reduces the ammonifying powers to 72.3 per cent normal; 
iron sulfate, 84.3 per cent; iron nitrate, 94.8 per cent; and iron carbonate, to 
102.1 per cent (4). The increase could not be due to a direct stimulation, 
for that occurs in much lower iron concentration than the concentration at 
which antagonism is noted. The iron salts added to a soil even up to 186 
parts per million in the presence of sodium nitrate exert no toxic action, 



Fig. 5. Diaosam Showing the Antagonism op Iron Carbonate, Sulpate, Chloride and 
Nitrate Toward Sodium Sulpate, Measured in Terms op AMMONiPiCAtxoN 

whereas the same concentration of these salts added to normal soil shows a 
marked toxic action. The main antagonism is due to the cation, for it is low 
in the presence of the common anion, carbonate. 

Iron salts vs. sodium s^Jatr. Here the same iron salts were used in the 
presence of sodium sulfate. The average results for a number of determina¬ 
tions are given in figure 5. The untreated soil is taken as 100 per cent. The 
quantity of iron added varied from 0 to 186 parts per milhon. To the soil 
was added 2760.2 parts per million of sodium in the form of sodium sulfate. 

There is no antagonism between the sodium sulfate and iron carbonate 
and the toxicity of the two salts increases quite rapidly, probably through the 
formation of sodium carbonate and iron sulfate. Neither the chlodde nor 
the sulfate shows a marked antagonism. The most pronounced antagonism 
is with the ir<m nitrate. In this case, however, there is a true antagonism. 
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for 11.6 parts per million of iron nitrate was added to this soil (4) its 
ammonifying powers were 102.8, ntdiereas when added in the presence of the 
sodium sulfate the ammonifying powers were increased 11 per cent. It is 
quite e\ddent that in this case the main antagonism is between the anions, 
sulfate and nitrate. There is less antagonism between the iron salts and 
sodium sulfate than any of the salts so far considered. 

Iron salts vs, sodium carhonaU, Sodium carbonate was used in combina¬ 
tion with iron carbonate, sulfate, chloride and nitrate. The concentrations 
varied from 0 to 186 parts per million of iron. To the soil was added 5060.4 
parts per million of sodium in the form of sodium carbonate. The results, 
considering the untreated soil as 100 per cent, are given in figure 6. 

There is no antagonism between sodium carbonate and iron chloride. The 
toxicity of the iron increases just as rapidly in the presence of sodium car- 



Fig 6 Diagram Showing the Antagonism or Iron Suit ate, Carbonate, Nitrate and 
Chloride Toward Sodium Carbonate, Measured in Terms or Ammonitication 


bonate as in its absence (4). There is a very marked antagonism between 
sodium carbonate and iron sulfate. Probably considerable of the benefit 
resulting from the sulfate is due to its action upon the physical properties of 
the soil, as the soil is rendered light and porous, thus offsetting the extremely 
bad puddling effect due to sodium carbonate. Moreover, it is just possible 
that the iron sulfate would greatly accelerate the leaching of black alkali 
from the soil. The nitrate and carbonate both exhibit marked antagonistic 
action toward sodium carbonate. 

It is rather evident that there is antagonism between the anion as well as 
the cation, for iron carbonate offsets the toxic action of sodium carbonate* 
This also may be dqt to a better aeration in the presence than in the absence 
of iion salts* These results give rise to hopes that the iron salts may be used 
to advantage in reclaiming black alkali. Pot esqieriments are now in progress, 
the object of which is to answer this question. 
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Iron salts vs. calcium chloride. The chloride, sulfate, nitrate, and carbonate 
of iron were added to the soil in quantities such that the iron added with each 
salt was the same and varied from 0 to 186 parts per million. To the soil 
was added 400.64 parts per million of calcium in the form of calcium chloride. 
The results are given in figure 7. 

The antagonistic action in each case was extremely small, thus indicating 
that the antagonism between calcium and iron, as measured in terms of am- 
monification, is very small. There is, however, a slight antitoxic action 
between calcium chloride and each other salt, as we note very little decrease 
in the ammonia produced as the added iron salts increase. Possibly much 
more pronounced results would have been obtained had smaller quantities of 
calcium chloride been used, as it is a well-known fact that the concentration 
of salts may be high enough to prevent antagonism. 



Fio. 7. Diagram Showing Antagonism op Iron Sulfate, Chloriihc, Nitratb and 
Carbonate Toward Calcium Chloride, Measured in Terms op Ammcnipication 


Iron salts vs. magnesium iMoride. The results obtained when iron salts 
are used in combination with magnesium chloride are given in figure 8. In 
combination with iron varj^’ng from 0 to 186 parts per million, 972.8 parts 
per million of magnesium was used. 

The only iron salt which increased the ammonification was the nitrate. 
All the rest ran along about the same, even with increasing quantities of 
iron. It is, however, quite evident that there is a slight antagonism, for the 
toxicity of the iron salts does not increase with concentration as is the case 
when these salts are used singly (4). There is a close resemblance between 
these results and those obtained with the calcium chloride. There is not so 
great an antagonism between two bivalent cations as there is between a 
bivalent and a univalent cation. 
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Fio. 8. Diagram Showing the Antagonism of Iron Sulfate, Nitrate, Chloride and 
Carbonate Toward Magnesium Chloride, Measured in Terms of Ammonification 

Iron salts vs, magnesium sulfate. The various iron salts were used in com¬ 
bination with 2188.8 parts of magnesium as magnesium chloride. The 
results are reported in figure 9. 
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Fio. 9. Diagram Showing the Antagonism of Iron Chloride, Carbonate, Sulfate and 
Nitrate Toward Magnesium Sulfate, Measured in I^rms of Ammonification 

The sulfate does not increase ammonification nor does it become toxic in 
the presence of magnesium sulfate as it does when used alone (4). The nitrate 
has only a slight antagonism as compared with the chloride and the carbon¬ 
ate. These latter ^increase mmonifiication 31 and 76 per cent, respectively. 
The antagonism is higher in the case of these compounds than any of the 
other compounds tested. The results indicate that the chief antagonism is 











/KTAOONlfinC ACnON OF CALCIUM AND IRON SALTS 


89 


between the cations, magnesium and iron. Yet the anion must play a part; 
otherwise, similar results would have been obtained with magnesium chloride. 
This must be a true antagonism and not due to better aeration, as was 
suggested as playing a part with sodium carbonate. 

Concentfotum at which iron salts have the greatest action. The concentration 
at which the various salts have their greatest antagonistic action varies widely 
with the salt, as is shown graphically in figure 10. 

In most cases the antagonism is greatest at very low concentrations; this 
with sodium chloride, and with the sulfate or chloride of iron is 2.9 parts per 
million. Assuming an acre-foot of soil to weigh three million pounds, this 
would require that only 8.7 pounds per acre of iron in the form of the sulfate 
or chloride to be applied to a soil. Ususally the antagonism is greatest at 
very low concentrations. For instance, in five combinations it is where the 
iron concentration is 2.9 parts per million. This would require the addition 
of 37.6 pounds of iron sulfate, 30.3 pounds of iron chloride, 44.9 pounds of 
iron nitrate, or 21.9 pounds of iron carbonate. Such appliqations to one acre 
of soil, would not make the cost prohibitive, provided later work shows the 
antagonism to hold with respect to the higher plants. Six combinations 
show their best antagonism at 5.8 parts per million which would require 
75.2, 60.6, 89.8, and 42.8 pounds per acre if the sulfate, chloride, nitrate, or 
carbonate, respectively, are applied to the soil. However, to get the greatest 
antagonism between sodium carbonate and iron sulfate it would require that 
there be applied to the soil 603 pounds of iron sulfate. This quantity mark¬ 
edly changes the physical properties of the soil and very materially modifies 
its ammonifying and nitrifying powers. It is slightly toxic to the ammoni- 
fiers when applied to a normal soil, but in the presence of sodium carbonate 
increases ammonification 24 per cent. It is quite likely that it would have a 
similar effect upon some higher plants. Although the antagonism is 
mainly between cations, it is evident from these results that the anion 
plays a part. 

Extent of antagonism between various salts. The extent of antagonism exist¬ 
ing between various salts is given in figure 11. In each case the ammonifjdng 
power of the soil when treats d with the salts has been considered as 100 per 
cent. 

Six combinations—magnesiiiun chloride vs. iron sulfate, magnesium sulfate 
vs. iron sulfate, sodium carbonate vs. iron chloride, magnesium chloride vs. 
iron chloride, sodium nitrate vs. iron carbonate, and sodium sulfate vs. iron 
carbonate—depress the ammonifying powers of the soil even in the lowest 
concentrations tested. In the case of most of the combinations the antagon¬ 
ism is slight, but in the case of the more injurious alkalis it is considerable, 
amounting in the case of sodium carbonate vs. iron sulfate to 24 per cent. 
This indicates that it may, under appropriate conditions, have an economic 
value. 
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Therefore, detenninationB were made in which comlnnatioin of the 
various iron salts with sodium chloride, sodium sulfate, sodium nitrate, 
sodium carbonate, chloride, inagnesium sulfate, calcium chloride, 

or sulfate were used* The general method was that used in aznmoni- 

fication, except incubation lasted 21 da 3 r 8 and from four to ten determinations 
were made. The results as rep>orted consider the untreated soil as producing 
100 per cent and are the average of the determinations made. 

Iron salts vs, sodmm chloride. In combination with iron sulfate, iron ni¬ 
trate and iron carbonate, 920 parts of. sodium m the form of sodium chloride 
was used. The iron added varied from 0 to 186 parts per million. The 
results are given in figure 12. 

Iron carbonate exerts no antagonism toward sodium chloride as measured 
by nitrihcation. The slight gain noted at the higher concentrations is prob- 



Fig. 12. Diagram Showing the Antagonism or Iron Chloride, Nitrate, Sulfate and 
Carbonate Toward Sodium Chloride, Measured in Terms of Nitrification 

ably due to stimulation exerted by the compound, as this compound does 
stimulate in concentrations from 2.9 up to 1116.9 parts per million. Each of 
the other salts possesses true antagonistic action, which is greatest with iron 
sulfate and least with iron nitrate. The variations in concentration at which 
the iron salts become active mahe it certain that the anion as well as the 
cation plays a part. There is also the possibility that a pure physical effect 
upon the soil may be the main contributing factor. This is borne out by the 
fact that the iron sulfate is the greatest antagonist but is not so great a stimu¬ 
lant. Although it does not stimulate, yet its antagonistic action increases 
with concentration. Ferric nitrate, when used alone, is very toxic, yet when 
used in combinaticktr with sodium chloride is not toxic. The chloride and the 
carbonate are marked soil stimulants as measured in terms of nitriffcation, 
yet the carbonate is a better antidote for sodium chloride. 
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Ifofu salts vs, sodium nitrate. The results obtained for the iron salts in 
combination with sodium nitrate are given in figure 13. Four hundred and 
sixty parts per million of sodium in the form of sodium nitrate was used. 

In this set, as in the previous one, iron sulfate possesses the greatest antag¬ 
onistic action. The nitrate is without effect, whereas the chloride and car¬ 
bonate neutralized to a slight extent the action of the sodium nitrate. The 
toxicity of the iron salt increases with concentration even in the presence of 
sodium nitrate, but not as rapidly as in its absence. The results, together 
with the appearance of the soil, would lead one to believe that the physical 
and chemical changes produced in the soil are responsible to a great extent 
for the neutralizing of the action of the nitrates. But this fact will not mate¬ 
rially afifect its use in the reclaiming of alkali soils if later tests on soil and 



Fig. 13. Diagram Showing the Antagonism or Iron Sulfate, Chloride, Nitrate and 
Carbonate Toward Sodium Nitrate, Measured in Terms of Nitrification 


plants show that it increases crop growth or makes the alkali salts more readily 
leached from the soil. 

Iron salts vs. sodium sulfL^, The same iron salts were used in combina¬ 
tion with sodium sulfate. The results are shown graphically in figure 14. 
Thirteen himdred and eighty pa^ts per million of sodium in the form of sodium 
nitrate was used. 

The sulfate is without effect, whereas the chloride, nitrate and carbonate 
all neutralize the toxicity. The antitoxic action .of the nitrate and the car¬ 
bonate is very pronounced. The quantity of iron in the different forms 
netessaiy to neutralize varies and is greatest with iron carbonate and least 
with iron sulfate. Both the anion and cation p^ay a part in the action. 

Iron salts vs. sodium carbonate. Such large quantities of sodium carbonate 
were used in combination with iron chloride and nitrate that little antitoxic 
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aetiai oouild be e^qwcted, yet the ddoiide at kut powew ee a ali^ aiiteg- 
oniilk Mthm, as may be seen from the remits given in fignre 15. 

However, none of the members of thui soles would lead one to exptet gmt 
advantages from the use of iron salts on black alkali. Posubly in axnbina- 



■ J M I M M M I I I M I ll UJ 

fo eo so 40 BO iO 70 60 00 too tio lao 130 140 150 leo 170 JBO 100 
F» R M Fm A44«4 


Fio. 14. Diaoeak Showing the Antaoonisic or Ikon Cabbonaie, Sulfate, Chloride 
aKd Nitrate Toward Sodium Sulfate, Measured in Terms of Nitrification 
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Fto. 15. DxAORAif Showing the Antagonism or Iron Carbonate, Sulfate, Ckloridb 
AND Nixrate Toward Sodium Carbonate, Measured in Tmis or Nxiritication 


tion with smaller quantities of sodium carbonate better results would be 
(ril>tained. Bat yjifimng the results with the various sodium salts one must 
oonclude that hm possesses antagonistic action toward sodium, measured 
both, in tenns of ammonification and nitrification. 
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lr 0 » saUs ffs. mapteskm cUaride. The various iron salts wm used k 
oombliiatioii with 486*4 parts of nagneshim in the fonn of nagnesiuiii 
chloride. The results are given in figure IS. 

Each of the iron salts acts as a strcmg antidote to magnesium chloride. 
The concentration at which they act varies with each specific salt, but in the 
case of all except the carbonate it is very pronounced. Probably if larger 
quantities of the carbonate had been us^ it would have been more pro¬ 
nounced in that case. The concentration at which the iron acts best varies 
with the negative ion combined with the calcium. This may indicate an 
antagonism exerted by the anion or a difference in solubility. 



Fio. 16. Diagram Showing the Antagonism of Iro?? Sulfate, Carbonate, NiiRAn 

AND rtTT/iaTnir, TOWARD MAGNESIUM ChLORIDS, MEASURED IN TERMS Of NITRIFICATION 


If experiments with higher plants bear out these results it is quite possiUe 
that iron salts may be used effectively and econ omi call y in the reclaiming of 
alkali soils rich in magnesium salts. 

Magnesium stdfaU vs. iron saUs. Practically the same rteults were obtained 
with the sulfate as were obtained with the chloride, as may be ^seen from 
figure 17. 

The carbonate has ^y a slight effect. All the other iron compounds show 
^ a f kfd antagonism to magnesium sulfate, and in each case the concentration 
is not hx different. There is, however, a difference in degree, for iron sulfate 
is the best antidote for magn^um sulfate; iron chloride is the best antagonist 
toward magnesium chloride. This bears out the idea suggested in the last 
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sectkm tliat plant w<xc\l may show it to be effective in combating some forms 
of under a limited known condition. If effective, it is evident from the 
low concentration necessary to produce effects that it could be used econom- 
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Fzo. 18. Biaokam Showing the Antagonism or Iron Sulfate, Chloride, Carbonate 
AND Nurats Toward Calcium Chlorxds, Measured in Terms of Nitrification 


icail^* The effeol upon the physical condition of the soil was in every case 
vUjWe and in every case had greatly increased its porosity. This of itself 
miir'liave jjfdayed a large part in the change. This, however, cannot be the 
CUMy fkctor, for the effect is not directly proportional to the increased aeration. 
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Iron salts vs. calcium chloride. The results obtained with iron salts In 
combination with 1602 parts of calcium as calcium chloride are given in 
figure 18. « 

Although in none of the concentrations tested did iron sulfate or chloride 
increase the nitrification over that occurring in the calcium chloride soil, yet 
it is evident that there must be a slight antagonism since the toxicity of the 
two salts in combination is not equivalent to that of the two used singly. 
Iron carbonate, and especially iron nitrate, exert a notable antagonism toward 
calcium. The results, however, are not as promising with regard to calcium 
as they are with magnesium. 

Concentration at which iron salts have the greatest action. The concentration 
at which the various iron salts exert their greatest influence varies widely 
with the iron salt and the alkali, as may be seen from figure 19. 

Although in the majority of cases comparatively small quantities of iron 
are most active as measured in terms of nitrification, yet it has a higher aver¬ 
age than is the case with ammonification. This is interesting, for the iron 
salts are uniformly more toxic to nitrif3dng (5) organisms than they are to 
ammonif)ang organisms (4) when used in the absence of soil alkalis. Only 
2.9 parts per million of iron as the sulfate has the greatest influence in com¬ 
bination with the carbonate, whereas 11.6 and 186 parts per milljon of the 
carbonate and chloride, respectively, are required. The average quantity 
of iron in the different forms for greatest antagonism is as follows: iron nitrate, 
19.2; iron sulfate, 45.9; iron carbonate, 50.4; and iron chloride, 77.5 parts 
per million. Should later work on plants show them to have as great a neu¬ 
tralizing influence when measured by plant growth as measured by nitrifica¬ 
tion, it opens up the possibility of their use in the reclaiming of some al k al i 
soils. The quantities necessary would not be prohibitive in price and they 
would exert a profound influence upon the physical, chemical, and biological 
properties of the soil, all of which in so far as our present information goes 
would be highly beneficial. 

The variation in concentration with the different iron salts makes it evident 
that the anion as well as the cation takes a part in antagonism. 

Extent of antagonism betu^rm various salts. The extent of antagonism as 
measured by nitrification between iron salts and soil alkalis is considerable in 
most cases, as may be seen f^om figure 20. 

Four combinations—sodium carbonate vs iron*nitrate, sodium chloride vs. 
iron carbonate, chloride vs. iron chloride, and sodium nitrate vs. 

iron nitrate—depressed nitrification even in the lowest concentrations tested. 
Sodium sulfate vs. iron sulfate and calcium chloride vs* iron sulfate were with¬ 
out effect, whereas all the remaining combinations stimulated nitrification. 
In some cases this was high, in a few instances going several hundred times as 
high in the case of the iron-alkali-treated soil as in the presence of the alkaU 
alone. In those cases where it was hig^t excessive quantities of the alkali 
had been added and nitrification was reduced to a great extent; hence, when 
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a i ft f wed in temis of per cent, it appean more jnronoanced than in the nu^^- 
ity of cases. The order of efficiency of the iron salts as antidotes to slkaE 
salts is iron chloride, iron nitrate, iron^sulfate, and iron carbonate. The 
greatest influence is exerted against mi^esium chloride and the least toward 



Fm, 19. Dxaokaic daowmo thx CoNGBNTaAnoN at Whicb Vauous Ikon Salts Havx 
THE Gxxatbst Amtaoonisic Towaxd Sncxnc Salts, Mxasusxd in Tbxms 
Of NnnufxcATioN 
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SUIOCAEY 

A true antagonism exists between caldum sulfate and sodium carbonate, 
sodiiun nitrate, sodium sulfate, calcium chloride, magnesium chloride, and 
magnesium sulfate, as measured in terms of ammonification. This is greatest 
with sodium carbonate and does not occur in the case of sodium chloride. 
The beneficial effect of calcium sulfate in the presence of sodium carbonate is 
due to the chemical changing of the sodium carbonate into sodium sulfate 
and calcium carbonate together with a direct antagonistic action. These 
results are contrary to those of Lipman (11) and in keeping with those of 
Brooks (2) in showing an antagonism between calcium and magnesium. 
This antagonism between calcium and magnesium, although small, also 
occurs as measured by nitrification. 

A similar antagonism exists between these salts, with the exception of 
sodium sulfate and caldum chloride and calcium sulfate, as measured in 
terms of nitrification. 

These results bear out the findings of Lipman (IS) that the anions as well 
as the cations take a part in antagonism in the case of both ammonifying and 
nitrifying bacteria. 

Iron salts applied to a soil probably change the phydcal, chemical, and 
biological nature of that soil. When applied to an alkali soil they usually 
improve its physical nature, and in this manner offset in a measure the injuri¬ 
ous actions of some alkali salts on soils. In addition, some iron salts exert a 
true antitoxic action toward some alkali salts. 

The antagonism is usually greater between monovalent and bivalent ions 
than it is between two bivalent ions. 

As measured in terms of ammonification, a true antagonism was found to 
exist between sodium sulfate vs. iron sulfate, caldum chloride vs. iron sulfate, 
sodium chloride vs. iron chloride, sodium chloride vs. iron sulfate, magnesium 
chloride vs. iron nitrate, sodium chloride vs. iron carbonate, caldum chloride 
vs. iron carbonate, caldum chloride vs. iron nitrate, sodium nitrate vs. iron 
chloride, caldum chloride vs. iron chloride, sodium carbonate vs. iron nitrate, 
sodium carbonate vs. iron carbonate, sodium sulfate vs. iron nitrate, sodium 
chloride vs. iron nitrate, magnesium sulfate vs. iron nitrate, sodium carbon¬ 
ate vs. iron sulfate, sodium nitrate vs. iron nitrate, sodium nitrate vs. iron 
sulfate, magnesium sulfate vs. iron chloride, and magnesium sulfate vs. iron 
carbonate. This was small in the case of the first pair and increased m the 
order named until the last which neutralised 75 per cent of the toxic effect of 
magnesium sulfate. 

No antagonism was found to exist between sodium carbonate vs. iron 
cUoride, sodSum sulfate vs. iron carbonate, sodium nitrate vs. iron carbonate, 
magnesium sulfate vs. iron sulfate, magnesium chloride vs. iron chloride, 
magnesium chloride vs. iron sulfate, sodium sulfate vs. iron chloride, and 
magnerium chloride vs. iron carbonate. 
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As measured in terms of nitru&cation, a true antagonism was found to 
exist between sodium carbonate vs. iron carbonate, sodium chloride vs. iron 
chloride, magnesium sulfate vs. iron nitrate, sodium carbonate vs. iron sulfate, 
sodium nitrate vs. iron sulfate, sodium sulfate vs. iron carbonate, calcium 
chloride vs. iron carbonate, sodium nitrate vs. iron carbonate, sodium chlo¬ 
ride vs. iron nitrate, magnesium sulfate vs. iron carbonate, sodium nitrate vs. 
iron chloride, sodium sulfate vs. iron nitrate, sodium sulfate vs. iron chloride, 
magnesium chloride vs. iron carbonate, calcium chloride vs. iron nitrate, 
magnesium sulfate vs. iron chloride, sodimn chloride vs. iron sulfate, mag¬ 
nesium chloride vs. iron sulfate, magnesium sulfate vs. iron sulfate, mag¬ 
nesium chloride vs. iron chloride, sodium carbonate vs. iron chloride, and 
magnesium chloride vs. iron nitrate. This was low in the case of the first 
pair and increased progressively in the order named up to the last named 
pair in which the iron nitrate increased the nitrification 420.7 per cent over 
that soil treated with magnesium-chloride alone. 

The quantity of iron Required for maximum effect varied with the iron 
compound and the specific alkali. In no case, however, did the quantity 
exceed 186 parts per million of iron. Although the greatest influence was 
exerted by the cations, the anions were not without effect. 

If later work shows these salts to have as great an antitoxic action toward 
alkalis, as measured by higher plants, as has been found to be the case with 
bacteria they may be used to advantage for the reclaiming of some alkali 
soils 


REFERENCES 

(1) Atkins, W. R. G. 1916 Some Recent Researches in Plant Physiology. Macmillan, 

New York and London. 

(2) Bkooks, Matilda M. 1920 Comparative studies on respiration, VIII—The respi¬ 

ration of Bacillus subtilis in relation to antagonism. In Jour. Gen. Physiol., 
V. 7, p. 5-15. 

(3) Bkooks, Matilda M. 1920 Comparative studies on respiration, X— Toxic and an¬ 

tagonistic effects of magnesium in relation to the respiration of Bacillus subtilis. 
In Jour. Gen. Physiol., v. 7, Ho. 4, p. 331-336. 

(4) Gsxaves, J. E. 1916 The influence of salts on the bacterial activities of the soil. 

In SoU Sd, V 2, p. 44S-480. 

(5) Gsxavss, J. E., and Cakter, E. G. 1919 The action of some common soil amend¬ 

ments. In Soil SJ.,’ *'.’7, p. 121-160. 

(6) Gsxavxs, j. E., Carter, E. G., and GoiDthorpe, H, C. 1919 Influence of salts 

on the nitric nitrogen accumulation in the soil. In Jour. Agr. Res., v. 4, p. 
107-135. 

(7) Kelley, W. P. 1912 The effects of calcium 4nd magnesium carbonates on some 

biological transformations of nitrogen in soils. In Univ. Cal Pub. Agr Sci., 
V. 1, p. 39-49. 

(8) Losw, 0. 1892 Uber die Physiologische Function der Calcium und MagnesiUv^ 

in pflitnyjtBift f guTiiimm s. In Flora, Bd* 75, p. 368. 

(9) Lobw, O. 1892 Die Bodcutung der Kalk-Magnesia Sahse in der Landwirtschaft. 

In Land. Vcri. Stat., Bd. 41, p. 467. 



102 


J. 1L GIXAVXS 


<10} l/MB, J. 1906 Dyiiittict of livfiif Matter. New York and L ondon. 

(11) LmuM, C. B. 1909 Toxic and anta^fonittic effects of salts as rdated to amnoni- 

totion by BaclUus tubUHs. In Bot. Gas., v. 48, p. lOS* 

(12) LmiAir, C. B. 1910 On lack of antagonisin between caldum vs. magnesimn 

a^ also between caldum vs. sodium. In Bot Gaa., v. 49, p. 41-50. 

(13) Lopkaw, C. B. 1913 Antagonism between anions as affecting ammonifiratian in 

sdls. Ja CentbLBakt [etc.], Abt 2, Bd. 36, p. 382-^394. 

(14) LxncAN, C. B., and Bxjxoxss, P. S. 1914 The protective action against magnesium 

carbonate and of caldum carbonate for AMOtobaekr chroococcum. In Jour. Agr. 
Sd., V. 6, p. 484-498. 

(15) LtniAN, C. B., AND Gxbxcke, W. F. 1918 Does CaCX)i or CaS04 treatment affect 

the solubility of the soil constituents. In Univ. CaL Pub. Agr. Sd., v. 3, p. 
271-282. 

(16) OsnxBOUT, W. J. V. 1917 Antagonism and permeability. In Science, n. a., v. 40, 

pp. 97-103. 

(17) Pauu, W. 1904 Pharmakodynanische Studien, I. Bedehungen der physiol- 

Oidschen Ester- und Salsquirkung. In K. Akad. Wise. Math. Naturw. CL 
Sitsber., Abt. 3, Bd. 113, p. 15-40. Quoted from Stiles and Jorgensen (19). 

(18) Rodxbxbon, T. B. 1910 Ober die Verbindungen der Proteine mit anorganischen 

Substansen und ihre Bedeutung ftir die Lebensvorgttnge In Ergeb. Physiol., 
Bd. 10, p. 216-361. 

(19) SHXAmEX, C. 1917 On the toxic action of dilute pure sodium chloride solution on 

the meningococcua In Pioc. Roy. Soc. (London), ser. B, v. 89, p. 440-443. 

(20) Sbeaxxk, C. 1919 The action of electrolytes on the electrical conductivity of the 

bacterial cell and their effect on the rate of migration of these cells in an elec¬ 
tric field. In Proc. Camb. PhU Soc., v. 19, p. 263-265. 

(21) Smxs, Walter, and Jorgensen, Inoavar 1914 Antagonism between ions in the 

absorption of salts by plants. In New Phytol., v. 13. no. 8, p. 253-268. 

(22) Szucs, J. 1912 Ezperimentelle Bdtrttge zu einer Theorie der antagonistischen. 

lonenwirkungen. In Jahrb. Wm. Bot., Bd. 52, p. 85. 

(23) Winslow, C.-E. A., and Falk, I. S. 1918 Studin on salt action: I. Effect of 

calcium and sodium salts upon the viability of the colon bacillus in water. In 
Proc. Soc. Exp. BioL Med., v. 15, p. 67. 
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INTRODUCTORY 

The first part of this artick is a general theoretical discussion of soil-mois* 
ture movement. Following the suggestion of Briggs (1, 2) and the example 
of Buddng^iam (3) and Slkhter (6), an attempt has been made to attack the 
problem from the mathematical point of view, making use of well known 
methods and theorems of mechanics and hydrodynamics. 'For the benefit of 
those who are not familiar with the technical language of physics, it may be 
stated that the investigation assumes the existence of a characteristic soil 
constant heretofore undefined, a knowledge of which, together with readily 
obtained experimental quantities, will give sufficient data for the calculation 
of the direction and magnitude of the capillary stream. For example, it is 
well known that moisture may flow upward to the surface of the ground more 
readily from a water-table 6 feet below the surface than from a water-table 
12 feet below, and we might assume offhand that the flow would be double 
from the 6-foot water-table. It is apparent, of course, that the kind and con¬ 
dition of the soil will be concerned, but for a given soil of given structure, it 
would no doubt be granted that the magnitude of the stream is determined 
by the moisture gradient and the moisture density, together with the char¬ 
acter of the soil. The investigation is directly concerned primarily with the 
matter of defining this character in mathematical language and with methods 
of measuring it experimentally. 

In ph 3 rsics we have numerous relations which are more briefly and precisely 
stated naathematically, in many cases a comparatively simple equation 
expressing what would requ^e pages in any other language. We have, for 
a mathematical theory of the flow of heat, the flow of electricity, 
the flow of liquids, gases, etc., including such **usuable” equations as Ohm’s 
law for electricity, Fourier’s law for heat, Poiseuille’s law for liquids; and in 
order to maW de^te progress in moisture studies, the assumption has been 
made that we must have a general solution for the law of capillary flow. 

A network of electrical conductors might be arranged connecting two 
ekctxodes and a corresponding current mig^t be experimentally measured to 
each branch of the network, and a variation of any of the several factors 
involved, vie«, kind and dimenrions of wires, number and kind of branches, 
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potential difference at the terminals, etc., would give an endless variety of 
experimental curves, eadi purporting to illustrate some new law, when in 
reality the entire problem may be solved on the basis of well known funda¬ 
mental equations by a knowledge of certain characteristic constants of the 
metals concerned, together with the dimenuons of such wires and the nature 
of the circuit. likewise, we mi^t succeed in encumbering the literature 
with innumerable experimental facts, each purporting to illustrate a new law 
of moisture flow or moisture distribution, when in reality they are all special 
cases of some general law. It is granted, of course, that experimental investi¬ 
gation must furnish the ultimate answer to this and any other inquiry of the 
kind, but we should not fail to recognize the fact that classical ph 3 rsics includes 
much that has already been verifled of universal application and there should 
be little hesitancy in putting this information to use even in such complex 
problems as those encountered in the study of soils. 

The latter part of the article deals with experimental data obtained from 
various laboratory and field experiments completed and in process at the 
Utah Experiment Station, planned very largely on the basis of a tentative 
solution of the problem which has already been published (5). It is hoped 
that the method and results may be of interest to the general reader who 
does not care to enter mto an analysis of the theoretical discussion. It is 
suggested that the transmission constant should be regarded as analogous to 
the electrical conductivity of a metal wire or to the thermal conductivity of 
a furnace wall. In the first case we may obtain the strength of the electric 
current by measuring the potential difference across the ends of a conducting 
wire if we know the resistance. In the case of the flow of heat we may deter¬ 
mine the rate of loss of energy across a furnace wall by measuring the tem¬ 
perature difference if we know the thermal conductivity. Similarly, we may 
determine the flow of moisture through a soil by measuring the moisture 
difference between two adjacent points if we know the capillary transmission 
constant. 


THEORETICAL 

Briggs (1, 2) pointed out many years ago that the underlying physical 
factors concerned in the capillary movement of moisture were the surface 
tension and the coefficient of viscosity of the liquid, together with the geo¬ 
metrical configuration of a rather complex three-phase soil mass. Bucking¬ 
ham (3) proposed a theoretical solution of the problem, introducing a potential 
to be determined as a function of the moisture density by measuring the 
moisture distribution in a column of soil containing moisture in equilibrium 
under the opposing forces due to gravity and capillarity. Slichter (6) has 
treated the problem where the liquid-air surface is not concerned. Cameron 
( 4 ) has written ah equation for the rate of ascension of capillary moisture. 
Widtsoe (7) has recognized a law of capillary flow, although he has not ex¬ 
pressed it adquately, nor are his data sufficient for its empirical determination. 
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Through the inspiration of his work, however, the author (5) has proposed.a 
tentative general solution of the problem differing somewhat in method of 
attack from those indicated. 

The problem may be summarized about as foUows.^A sheet of water over 
the surface of a column of dry ^^dusty” soil in a dosed vessel does not con* 
stitute a system in equilibrium. A mere drop on such a surface is likewise 
unstable. In either case, however, in order to pass to equilibrium it may be 
necessary for movement to take place primarily by distillation, owing to the 
fact that a transition without a change of state may involve a path in which 
conditions of relative equilibriiun may exist. For example, it may be seen 
from figure 1 that although the potential at the surface c of a dry particle is 
lower than at any point ydthin the liquid at a or 6 except at the solid-liquid 
boundary, the movement from a to d or J to c except by evaporation and 
recondensation may involve an actual increase in potential energy. Under 
ordinary circumstances, however, there is no doubt a contmuous channel of a 
meandering character through which the principal movement may take 
place without distillation. Neglecting the influence of gravity, the gross 



FlO. 1. DlAGSAMMATlC SKETCH OF SoiL-WaTER CONFIGURATION IN Two DIMENSIONS IN 
AN Ideal Case of Uniform Spherical Particies Arranged in Linear Sequence 

energy of such a system is composed of three types of surface energy, viz., 
liquid-air, liquid-solid, and solid-air. It should be noted of course that' this 
analysis appUes only to a chemically inert system where electrical and chem¬ 
ical energy are in no way concerned. Let these surface energies per umt 
area be denoted by the symbols, <ri, <rt and <r$, respectively, and the areas of 
such surfaces by Si, S^ ml S$- The gross surface energy may then be 
written. 

iSiiTi + (1) 

the condition for equilibrium, relative or absolute, being that, 

3E^ « S (Sm + Stcrt + Stffi) - 0 ^ (2) 

If we take into account gravitational energy and denote by k the height 
measured from a suitable origin, denoting the gravitational energy per unit 
mass by gh, the effective moisture density or mass per unit aggregate volume 
by p, the volume by v, the gravitational energy integral Eg, we may write, 

E, - sj^plxiv ( 3 ) 

toiL •onnoB, TOb. Ut no. S 
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lif bi iddition» a part of the ak originally oocapying the pore apace in the 
sdl becomes entiap^» new surfaces may*^ developed as a result ct bubbles 
formings etc.^ and the energy thus involved must bt taken into account by 
proper construction of equation (1). 

The gross energy E of the 83 rstem may therefore be expressed as follows: 

B->E, + Eg-Si<n + S,frt+ SA + W* (4) 

The general case may involve each of the several terms of (4). Beneath a 
shallow mulch, however, in a field soil, it would seem that 5i » 0, and St 

remains constant, and the two terms, 5i^i + g J* pUdv, alone are concerned 

as variable factors. In the special case of horizontal flow by capillarity the 
gravitational term becomes fixed and we are concerned only with Si^i. When 
the soil is completely saturated 5i « 0 and we have movement by hydrostatic 
pressure. The latter case has been treated by Sliditer (6) and the problem 
of horizontal capillary flow has been discussed by the author, as above stated. 

In a homogeneous insoluble soil with a porosity and arrangement of par¬ 
ticles which does not change with the time, there exists a characteristic capil¬ 
lary constant which, with the moisture content and the moisture gradient, 
determines the magnitude and direction of the capillary current. For a 
stratified soil, it is apparent that a “compromise” value of such constant must 
obtain at the boundary, and, for a soil which varies continuously in texture, 
such transmission function is no longer independent of position, and a cal¬ 
culation of the capillary current at a given point would involve not only a 
measurement of the moisture content and moisture gradient, but also a meas¬ 
urement of the transmission function for the point in question. 

The following equations are quoted from the article^ (5, p. 314) above cited, 
where p is written for the pressure due to curvature and v expresses the veloc¬ 
ity of the water; 

^ - (ir,/p‘) dp/dx 

and if it is remembered that the product of the density p and the velocity v 
is flux per unit area, the following relation may be readily derived: 

K-fp'lt 

where / is written for the magnitude of the capillary stream per unit area and 
p is written for the moisture density gradient or the differential coefficient 
dp/ix^ X being a ,co5rdinate defining the position of the point considered 
with respect to any convenient origin, the case considered being the flow in 
one dimension. The factor K involves implicitly the effective radius of the 
soil particle, the porosity of the soil, and, as a linear factor, the ratio of the 
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suiboetenskm and the ooeffideat of viscosity ol the water. It has the dimen* 
M^L 

moB Subject to possible modifications in the original hypotheses 

this facto may be regarded as a capillary transmission constant. 

The direct determination of this constant for a given soil involves the 
measurement of the moisture density, density gradient, and capillary flow, 
and we have made preliminary determinations both in the laboratory and in 
the fidd by this direct method, although it is laborious. 

We have also used a modified method whereby we may obtain the desired 
information indirectly. A series of curved irrigation sources, convex toward 
the soil to be irrigated, as illustrated in figure 2, have been provided. These 
consist of fiat galvanized iron pans 1 inch in depth, bounded by two circular 
and two radial edges as indicated, the water being fed over the top of the 

irrigation ditch” by means of an 8-ply linen wick. The water is maintained 
at a constant level in the ditch and the amount necessary to maintain this 
level is measured with a burette and recorded with the time. In addition 
the distance of the water-front as it advances into the soil is recorded. The 
porosity of the soil is also measured and the density at the source is obtained 
on the assumption that there is complete saturation. The following calcu¬ 
lation will illustrate the method of obtaining the desired information: 

If c represents the quantity of water which has moved into the soil from 
unit area of a vertical section at the source, and if o is the distance the water¬ 
front has moved out from the source, and if r is the radius of curvature of the 
source, then the mean moisture density throughout the wetted area may be 
expressed as follows: 

dcr 2cr 

where B is the angle of divergence of the circular segment. 

The mean density gradient p over this area is 

2 cr _^ 

a* + 2 / 2cf \ 

^—T- 

T 

where po represents the moisture density at the irrigation source. The 
assumption is made that the gradient is constant over the interval o, which 
is approximately true for small values of a. 

A third met^ involves the measurement of the force moments of the 
moisture in a series of tubes about an axis through a variable point on the 
axis of the tube. The distribution of mdsture in a soil tube determines the 

> Atteatkm is called to a factor 2 in equation (2), p, 314, of this article, which should have 
been omitted; also to the ondssion of the factor ki from equation (7), p. 315. 
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foroe-mameiit about any axis but the converse is not true, and m order to 
determine the moisture distribution, a4ditional information is needed. For 
any given distribution the force-moment involves the position of the axis of 
rotation, as well as the limits of integration in the force-momoit integral 
if we have a series of soil tubes each of which is bent at right angles, as indi« 
cated in figure 3, but the distance of the bend h from the moisture soiirce end 
increasing regulariy from tube to tube, it may be shown by elementary analy¬ 
sis which is omitted for lack of space that the following relation holds: 

Q Af(n~l) — 2M{n) + ilf(ii+l)i 

-- 



Fig. 2. Sketch or Soil Pan Showing Radial Chaxactxe or Moistuhx Flow ntoic 

CntCULAH SOUHCE 

where the Jf *s indicate the moments of the moisture beyond the bend about 
an axis through the point of bending, the subscripts indicating the position 
of the tube in the series, A the common cross-section of the tubes, B tihe com¬ 
mon difference in the length of branch h from tube to tube of the series, and 
piu) the average moisture density at the point of bending of the middle one 
of the series of three tubes involved in the calculation. 

A somewhat shorter analysis is given below. If we let measure the dis¬ 
tance of a point from the end at which the moisture enters the tube, a the 
ooMinate of the water front, b the distance to the bend, p the moisture 
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density 88 previously defined, it the moment, A the cross^ectional uee, 
p, X, and b all independent variables, we have. 


M 

bM 

dft 






dW 


Aph 



Fio , 3. Diagram Showing Construction of Soil Tub* 

The moment of the moisture in branch c about the ^xis of branch h is ro'^asured for a 
series of tubes with varying length of the respective branches. 

We have had made a series of sectional capillary tubes, each provided with 
a r, the sections being supplied with a longitudinal window of celluloid. 
These tubes have been balanced m such a way that the force-moment may 
be observed from time to time, together with the codrdinate of the water 
front, the respective tubes differing only in the relative lengths of anns b and 
^ (fig* 3) of the tubes. From these data we can determine the relation be¬ 
tween M and b as M varies with the time, and then, from equation (1), we 
may calculate the value of p for a series of points along the tubes. Ahnowl- 
edge of p as a function of op in which the time enters as a variable paramenter 
is sufficient for an evaluation of the transmission constant, provided a suffi¬ 
cient range of values (ff p and p is obtained. 
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Before Hlwgiiampg the pieUminary results rq>orted bdow, it may be of 
interest to pmnt to smne wdl known e:q)erimental facts bearing on the gen¬ 
eral validity of assumptions made in ^ theoretical solution cited above. 
Esqperimen^ data axe available from 'mious sources, exhibiting the form of 
the function involving the quantity of capillary moisture absorbed and the 
time, also the coordinate of the water front and the time. These functions 
iq^>ear to be of parabolic form and it will be noted that the following develop¬ 
ment upon theoretical grounds leads to simple parabolae. 

Let us consider any point 6 in a tube of sofl carrying capillary moisture. 
Let Q represent the moisture which has passed beyond this point at any 
given time /. This may be expressed as the integral of the density p between 
the limits a and 0, where a is the coordinate of the water front measured 
from the point b taken as the origin, thus, 

Q - £pdx (A) 

If we may assume that p * (Ax + B)* (see article dted, p. 315, which 
purports to be true only for a steady state, the integral is readily obtained, 
giving, 

+ (B) 

Expanded, this becomes, 

«■ nl*"+1 +V • -I® 


a converging power series in (Ax) which, upon substitution of limits and 
neglecting terms in (Ax)* and beyond, becomes. 


where 

and 





B 


(D) 


(a negative quantity) 


the subscripts serving to define the point concerned. Substituting for A 
and B their values as thus expressed, we obtain 







where / expresses the flow across unit area in unit time. 
Wttfing for brevity 


(E) 
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this becomes, 


ft 


4 


Q = cio ■= J' fdi 


( 1 ) 


If civ& independent of a, which is true only when pa does not appreciably 
change with a, we obtain, upon differentiation, 

daldt^fla ( 2 ) 

From equations (4) and (5), p. 314, of the article cited, we have 

where iiT is the transmission constant previously referred to. Eliminating 
/ from (2) and (3), we obtam, 

da/dt = (K/ci) ^ I p* ' (4) 

dx I 


the density and density gradient being the values for the point d. 
dating the equadon, 

p^(Ax + B)* 


we obtain, 

- H U* + 5)‘ ^ AB* for * - 0 

dx 2 2 

Subsdtuting agdn for A and B, we have, 

^ „ 3 (pjpt-P.) 

dx 2 a 


Differen- 


Writing for convenience, 

Cj » ^ {p[p\ — Po) 


we obtain. 



li we write again for brevity, 


we obtain finally 

ft ^ 6 (pI - P*, 

«ipi '’•+3p//»,’ 

(S' 

0* =* 2 K^t 

Or, again, from (1), 

a ** Q/a 
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wbeace, 

or 

iiliere 


Q> - 2K4^^t 

- I p\(3pi - 2p|pI - Po) 

O 


(6) 


It is true of course that ^ and d may depend upon a, but, as stated, where 
does not appreciably change with a these functions may be regarded as 
independent of a. 


DISCUSSION OF EXPERIMENTAL RESULTS 

A considerable amoimt of experimental data have been obtained from our 
laboratory work, and in addition some work has been done in the field at the 
experimental farm at Greenville, and the prinicpal results have been summar¬ 
ize in the following pages. 

In figure 4A is plotted a series of curves representing the moisture distribu¬ 
tion as it changed with the time in a small rectangular box of soil 6 by 9 cm. 
in cross-sectional area, one end of which was bent downward and kept per¬ 
manently in contact with free water maintained at a constant height about 
10 cm. below the center of the box. Samples were taken with a small 
cork borer at frequent intervals and moisture determinations were made 
by the usual method of weighing and drying. The data represent the mean 
of observations taken from duplicate boxes. The vertical lines are drawn at 
distances corresponding to the position of the water front at various intervals 
of time and the point of intersection of these lines with the distribution curves 
of corresponding date should determine the moisture per cent at the water 
front. From the fact that these values appeared to vary irregularly about a 
mean as the water front advanced, the mean value was assumed to represent 
a constant moisture per cent at the water front. In reality this would doubt¬ 
less diminish slowly with the time. In plot 4B is shown a series of straight 
lines passing through a common point on the moisture per cent axis represent¬ 
ing t^ moisture per cent at the source. Each curve of the series was deter¬ 
mined by this common point and the point of intersection of the horizontal 
line representing the moisture per cent at the water front with a vertical 
line marking the position of the water front at the time. The area bounded 
by each curve of the family, the axes of co5rdinates, and the vertical line, is 
proportional to the quantity of moisture in the soil at the time represented 
by the vertical line, and the difiertnce in this area for successive curves divided 
the time interval, r^resents the mean flow into the soil during the interval, 
llie moisture gradient is proportional to the 8lq)e of the mean distribution 
curve over the interval, and the moisture density is proportional to the ordi- 




llie curves at the top are drawn to illustrate the moisture distribution at suoceidve 
intervals in a laboratory test of the hoxisontal capillary flow. Below is shown a 
ol curves through a common point and terminating in a hoiisontal line repre* 

mmithtg the average moisture content at the water front. The point of intersection of each 
line of the series with this horisontal line was determined by a vertical line drawn at a dis¬ 
tance corresponding to the position of the water front for a given time. If the moisture 
distribution were a linear function of the distance these curves would give the history of the 
mature in this case. 
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nate of the curve. It may be noted, however, that the |unctioiis ^ and $ 
prevknuly defined were determined by the value of the ordinate of the com¬ 
mon point and the constant moisture per cent at the water front. SufiS^dent 
data are therefore available for the calculation of iC by use of the equation, 

and in column 1 of table 1 are recorded a series of values of K thus calculated. 

TABLE 1 

Values of capillary transmission constant for GreenoiUe soil 

Columns 1 and 2 repmsent values obtained from a very loose unpacked soil from data 
obtained by the direct method; columns 3,4,5 and 6, from the same soil packed dry by sys- 
tematic shaking, data obtained from the second method; column 7 the direct method from 
a field plot; colunms 8,9,10 and 11, from the same soil well packed by wetting and drying, 
from the second method* 



* It should be noted that columns 3,4,5,6,8,9,10 and 11 involved the measurement of 
the dq>th of a column of soil of approximately one inch in depth and the precision of this 
measurement was not entirely satisfactory. Differences, therefore, from column to column 
may involve considerable experimental error, whereas the variation in each individual column 
it not dependent upon this measurement. 

In order to convert moisture percentages as plotted to moisture densities in 
c. g. s. units, an apparent specific gravity of the soil of 1.35 gm. per cubic 
centimeter was used, ^e value of $ being —0.118 in c. g. s. units. The values 
given in the table should be multiplied by —10.~* to convert them into c* g. s. 
units. 
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In column 2 of table 1 is shown a series of values ranging frmn 2.5 to 1.2, 
calculated from the formula, - 

where a is the distance in centimeters of the water front from the wet end of 
the soil column, t is the time in seconds measured from the beginning of the 
experiment, and ^ « —1.0 in c. g. s. units. 

In figure 5 is shown a series of curves representing the moisture distribu¬ 
tion in a field plot, the soil being the same as that used in the laboratory. 
This plot was kept saturated at the surface by continuous sprinkling, and 
moisture determinations were made during and after the sprinkling at fre¬ 
quent intervals for several weeks. The data obtained from July 31 to August 
11 are shown on the plot. The sprinkling was discontinued at the latter 
date. The curve at the bottom, which is nearly horizontal, represents the 
moisture condition when the experiment was begun and the other curves 
represent the condition on July 31, August 2, August 4, August 7, and Au¬ 
gust 11, respectively. The area bounded by the moisture per cent axis, the 
original distribution curve, and any curve of the series is proportional to the 
quantity of moisture which had moved into the soil since the beginning of 
die experiment. From the equation 



P 


values of K were obtained from the data of figure 5 ranging from 6.3 to 13.0, 
as recorded in the seventh column of table 1. 

Data obtained from the second method are plotted in figures 6A and 6B. 
As indicated elsewhere in this article, the gradient and the moisture density 
may involve the radius of curvature of the irrigation source and a wider 
range of values was obtained by using several pans differing in this respect. 
Pan no. 1 had a radius of 2.54 cm., no. 2, 7.62 cm., no. 3, 15.24 cm., no. 4, 
30.48 cm., no. 5, 60.96 cm., no. 6. 121.92 cm., and no. 7 had no curvature. 
Two curves have been plotted for each pan, the one representing the total 
quantity fed into the soU per unit area of the irrigation source, and the time, 
tbe other the distance of the water front from the source and the time. Values 
obtained from the plot, together with a value for po of 0.48 as determined on 
the assumption that the 48 per cent of pore space was entirely full at the 
source, were substituted in the equation 



P 


and in columns 8,9,10 and 11 of table 1 are recorded the values obtained from 
the data in figure 6A. The soil was well packed in this case by a previous 
thorough wetting and drying. A slight leak through two of the pans, no. 4 
and no. 5, and an accident with no. 3, made the data for these cases uncertain 
and no attempt was made to use them. 



116 


WOUXD OABUMIt 































s 





iHliniaHllli'liHBMIlHaVHBaM 
■■■li WIIMA 


iHIIMBSi'mSvVHHHaHaKMaM 


■^mmmmmm 

■anBKVvaiiMBBW'dtaiw'Hpa 
■v«ai 8 :flMrBHHB£>csx:«iH 

-ICTBUIMi- 

■nVBBi VkII ~ 

_jina _ 

mmmmmy^mmnmk^vmmmmmmmm 

- 

|PBBBBHBBBUBKfe!k.^k^CZZZZ 

._JinBMBUBBBBBBBBBBI_, 

iBBBBBCVVBBBBBBBBBBBBBi 
--IQB.^k'inr- 

_jiBBfc:B:i.i _ _ 

BBBBBBBk^k^BBBBBBBBBBB 
BBBBBBBBn'^VBBBBBBBBBB 
BBBBBBBUBWIBBBBBBBBB 
BBBBBBBKBP^^NBBBBBBBBB 
BBBBBBBBKBi»w^'BBBBBBBB 
nBBBBBBBBUBiSrjBBBBBBB 
KBBVBBBBBBBSIII^^BBBBBB 
BBiXk'^flBBBBBBB^Kx'BBBBB 
BW VL^MBBBBBBBBMrkL^ ^BBB 
_BBPkWPBBBBBBBBBtfB 

I JBBBBBBBSM^BBBBBBBBBBBBBB 
BBBBBBBBKfl.^VBBBBBBBBBBBBB 

BBBBBBBBBINMk:<k'IBBBBBBBBBBBB 

-- 

_-IBB?__ 

BBBBBBflBBBBit<KBk^BBBBBBBBBB| 
BBBBBBBBBBBBr^PklBBBBBBBBBBl 
BBBBBBBBBBBBh::N!«:«BBBBBBBBB| 
BBBBBBBBBBBBBB«.Vk?BBBBBBBB | 

BBBBBBBBBBBBBBI^^PBI- 

BBBC«BBBBBBBBBBBiair^'\?<nL 
BBB 2 «!lBBBBBBBBBBBD 3 i^?CII 

BBBB^MBBBBBBilBBBBB^^^::_ 

BBBK 3 kKBBBBli<nBBBBBBMSi^:^BBB 

BBBBK 5 k'WBBB«MBBBBBBBIfi:&i^ 

BBBBBKKWBBBBBBBBBBBMBBBBB 

BBBBBBBK:V'!IBBI9i»1BBBBBBBBBBBB 

-BVt^BBKBBBBBBBBBBBB 

iBBBBBBBBKSCBBKk^^BBBBBBBBBBB 

.-IBBK-BBIKBBBBBBBBBBB 

■BBBiMBB^BBBBBBBBBB 

■BBBB:!(Bt:!^BBr- 

■BBBBB^BI^BBI 
■BBBBBBk^ Bi;^BI 
■BBBBBBBkkBBI 

_IBBBBVBBBlbV* 

IBBBBBBBBBBBBBBBBBB^^BBBBBBI 
SBBKBBBBBBBBBPnBBBBBkJBBBBBl 

iBBBKBBBBBBBBUPBr- 

-WBBBBBBBBnBI 

»KBBBBBBBkT»l _ 

._HS^BBBBBBBBB^BBBBBBBBBB I 

IbbbpbbbbbbbbbbmbbbbbbbbbbI 

-iBBBBBBIT.^BBBBr- 

feMBBBBBki^BBBBI 
:>Bi?B 9 BBBIk\«IBBBI 
_JiBBKBPBBB\>aBBBl._. 

I |BBBBBS'B 9 I£IBB^^BBBBBBBB| 

_JBBBBBBK^^kSBB. IBBBBBBB I 

BBBBBBBBBBBBBfi>!C«BBBBBBBBB 3 
BBBBBBBBBBBBBBBSrNBk^BBBBBBi 
BBBBBBBBBBBBBBBBK^k?^Bijr;BBBBB I 
--|BBBBBBBBBBBBBk.>e?(lBBB I 

■bbbbbbbbbbbbbbbiL^bbbI 


t 

s 

§§ 

So 

s 

§§ 

§ 

ss 

So 

s 

§§ 

So 

s 

§s 

s 

s 
































A CAPXILA&Y IftANSUBaiOM CONSTANT 


119 


In figure 6B similar results are shown for duplicate trials with the first six 
pans of the series. The sdl in this case was packed without wetting by 
systematic shaking. The heavy lines represent the mean of two observations, 
the sq)aratc observations being shown on the plot with lighter curves. In 
columns 3, 4, 5 and 6 of table 1 are recorded values of K calculated from 



Fio. 7. A Plot o? Data Obtained from a Seeies of Capillary Tubes 

The solid lines represent moment-time data; the broken line, distance of wa|er front from 
source and time; the light solid lines are the moments plotted against the water front distance, 

the data of this plot from pans 1, 2, 5 and 6. Trouble was experienced 
again with pans 3 and 4 and calculations were not made for these. 

In figure 7 are plotted three types of curves representing the data t^tained 
from the third method. A series of nine brass capillary tub^ of approximately 
5 cm. internal diameter was used. The first was bent at a point 10 cm. from 
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tlM end, the second 20 cm.| the third 30 cm., and so on. These werebalanced 
in tudi a way that the noment about an axis through the source*’ branch of 
the tube could be measured with a precision of 1 to 5 centimeter-grams. The 
series of heavy solid lines ate moment-time curves, the broken lines represent¬ 
ing the distance of the water front from the wet end and the time; and the 
light solid lines are the moments plotted against the water front distance. 
The ordinate represents centimeter-grams with the moment curves and 
centimeters with the others. The absdssa represents time in hours in two 
cases and distance in centimeters in the other. The origin is the same for all 
except the distance-time curves, each of which was shifted horizontally 20 
hours from the next preceding curve. These latter curves should of course 
be strictly parallel except for unavoidable differences in the various tubes. 
The data for the curves representing the moments plotted against the water¬ 
front distances were taken from the other curves rather than from the original 
tabulated results since these curves eliminate the small oscillations and experi¬ 
mental errors. It will be noted that the ordinates of the points of intersection 
of a vertical line with the* various moment-distance curves represent the simul¬ 
taneous moments of the moisture in the various tubes. As previoiisly shown, 
the mean moisture density over the interval between alternate bends may be 
obtained by adding the simultaneous moments for such alternate tubes and 
subtracting from the sum twice the moment of the intermediate tube and 
dividing the result by the product of the cross-sectional area of the tubes 
(17.7 sq. cm.*) and the square of the bend increment (i.e,, the common differ¬ 
ence in length from irrigation source to bend between successive tubes—10 
cm. in this case). 

In figure 8A is plotted a series of curves representing the history of the 
moisture in the several tubes, the data for which were obtained from figure 7 
as above explained. The points at the end of each of the several curves 
enclosed with large circles mark the intersections of vertical lines represent¬ 
ing the position of the water front and straight lines passing through a com¬ 
mon point representing the moisture density at the wet end of the tube. 
These straight lines were drawn to best represent the somewhat irregular 
moisture densities along the tube. The extrapolated points are taken as 
indicating approximately the moisture content at the water front. The 
heavy solid line is drawn to indicate the condition at the water front, and in 
figure 8B this same line has been drawn and the points of intersection of this 
line with the vertical lines marking the position of the water front at various 
times, together with the moisture content at the wet end of the tubes, have 
been taken to determine a series of approximately straight lines purporting 
to rq>resent more nearly the actual history of the moisture in the tubes. 
From this plot the constant 0 has been determined and from this the trans¬ 
mission constant hks been calculated, averaging —4.7 X 10~* c. g. s. tinits. 

The curves in 8A have been drawn injzig-z^ fashion in order more clearly to 
indicate the actual points determined from the data of figure 7. The wide 
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irregular variation from point to point may be partly e^qplained by assuming 
that considerable amounts of air were entrai^)^ at the wet end of the tube 
at the beginning of the experiment^ the effect of which would be made 
manifest in actual fluctuations in the moisture content. In order to 
eliminate as much as possible accidental errors due to irregularities in indi> 
vidual tubes, results were calculated for a series of points by a particular 
combination of tubes and the mean of successive values was then taken to 
indicate the moisture content at intermediate points, and a consideration of 
the precision of the experiment indicates that these marked differences cannot 
be entirely accoimted for by experimental error. 

Without attempting to give a detailed account of the measure of precision 
of the experiment, it may be noted that by allowing an error of 0.01 cm. in 
the length of the lever arms of the levers which were used to balance the 
tubes, 0.01 gm. in the weights, 0.01 mm. in the diameter of the tubes, and 
0.01 cm. in the length of the bend increment of the tubes as previously 
referred to, the probable error of an individual determujiation of the density 
should not exceed 0.1 gm. per cubic centimeter. For actual variations with 
the time for determinations involving any given combination of tubes the 
only experimental error involved is the error in the weights used to balance 
the tubes. The formulae used were those given by Mellor in his ** Higher 
Mathematics for Students of Chemistry and Physics^^ and the calculations 
were made on the assumption that each individual determination of the 
density involved the sum of three independent terms. An increase in the 
actual number of tubes used in the series would materially increase the relia¬ 
bility of results obtained. 

The tubes were irrigated with measured quantities of water, all receiving 
the same amount. Small glass tubes, bent as illustrated in figure 3B, were 
used for irrigating the soil, the aim being to maintain the moisture in the bend 
at such a constant height as to avoid hydrostatic pressure and at the same 
time provide available free water for the end of the soil column. The rate of 
application of water proved somewhat arbitrary, however, since it was diffi- 
cvilt to maintain a definite height in any of the various tubes. It can not 
be said, therefore, that the curves of figure 7 representing the position of the 
water front at different times are exactly as they should have been had the 
wet end of the tubes been maintained constant by some other device. From 
the mean of these curves, however, calculations of the constant were made by 
means of the formula, 

the mean value the constant ^ (—1.4) being determined as previously 
shown from the data of figure SB. In table 2 is given a series of Values nf 
K thus obtained. It will be noted that there is a decrease from top to bottom 
of the various columns. This may be partfy accounted for from fact that 
this formula was derived by neglecting terms in a converging series involving 
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Fig, 8A 
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nii!^ beoooie increano^y impratant witb increaM of the tine t. 
It ia pn^Mble, however, that the somewl^tt aibitraiy rate of irtigatitm may 
have had some influence on these figures. 


TABLE! 

Vdrnn »/ eopSlary troMmiuion emsUmt for GtttmSlt soil obk^Mti from laboratory iota by 

a* 

means of formula, K » - 


1 

Bi 

3 

4 

5 

6 

7 

8 

9 

lOUM 

5.8 


6.3 

5.5 

5.4 

6.2 

5.6 

5.4 

5.5 


6.3 


5.0 

4 8 

5 1 

6.1 

5.7 

5.2 

4.9 


5.2 


4.7 

4 7 

4.9 

5.4 

5.1 

4.8 

4.7 


4.7 

5.1 

4.5 

4.5 

4.4 

4.5 

4.5 

4.2 

4.3 


4.2 

4.7 

4.0 

4.0 

4 0 

4.4 

3.6 

3.4 

3.8 


3.7 


3.4 

3.4 

3 2 

3.1 

3.0 

2.9 



5.0 

5 2 

4.6 

4.4 

4.6 

5 0 

■a 

m 

■a 

4.7 


The values obtained for this transmission function as recorded in the tables 
were obtamed with the same soil but there were in reality four conditions of 
porosity involved, viz., an extremely loose unpacked soil, a soil well packed 
by previous wetting and drying, a soil packed dry by a systematic tapping of 
the tube without tamping, and a soil in the held, the latter being a case 
of flow under gravity and capillarity. The means for the several soil condi¬ 
tions are recorded in table 3. 


TABLE J 

Mean values of K for Greenville soil 


VMPACnO 

PACKED OKY 

nCLD sou. 

BOO. WXZX PACKXD 

UZAM 

-1.8 X 10-» 

-7.4 X 10“* 

-8 7 X 10'» 

-5.4 X 10-^ 

-5 8 X 10-^ 


The following illustrative calculation has been made on the asumption that 
—5.8 X 10~* is the correct value of this constant for Greenville soil under 
average conditions and on the further assumption that the influence of gravity 
may be neglected, which should in reality be taken into account. 

PrMem. From a water-table 12 feet below the suface in a soil such as the 
Greenville soil, calculate the amount of water available at the surface. 
ScMum, From the formula, 

^ - 5.8 /> X 

. 

we may obtain the flow in cubic centimeters per square centimeter of surface 
per second of time. Let us assume the amount of moisture in grams per 
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cttfak oenthlketer at the point of saturation po to be 0.48, and the value 
of p 0.24. The gradient p is then obtained in c. g. s. udts as fdlows: 


0.0 - 0.48 
12 X 30.5 


- 1.31 X 10-* 


The cube root of the mean density is 0.62. We therefore obtain 

f = —X 10“* = 1.2 X 10“* cc. per second. 

0.62 

By an obvious reduction it may be seen that this would be suflGident water 
to cover the surface to a depth of approximately 12 inches in a period of thirty 
days. 

It is true, of course, that caution should be exercised in the use of this con¬ 
stant imtil further experimental work has been done. It would seem, how¬ 
ever, that there is more or less merit in the method of attack of the problem 
and it is hoped that other workers may become interested in this point of 
view. For soils high m colloidal material it may be urged that this trans¬ 
mission ftmction is dependent upon the moisture content, but it does not 
appear that an average soil should vary appreciably under field conditions 
because of expansions or contractions of colloidal particles. In any event a 
fair solution of the problem for the ideal case should lend some assistance 
toward the solution of those cases which are more complex. 


SUMMARY 

1. A capillary transmission constant has been defined on theoretical, 
grounds. This constant is similar to the specific electrical conductivity of 
metals and to the specific thermal conductivity of heat conductors. 

2. Methods have been described for the measurement of this constant in 
the laboratory. 

3. Preliminaiy results have been obtained from the various methods for the 
Greenville soil, including values for soil under field conditions, ihe latter not 
corrected for the infiuence of gravity. The values obtained for this soil under 
various conditions of porosity range from —1.8 X 10"* for a very loose un¬ 
packed soil to —8.7 X 10~* for a field plot, with a mean value of —5.8 X 
10"* c. g. s. units. 

4. An illustrative calculation has been made indicating that approximately 
12 inches of water may be available from a 12-foot water-table in a period of 
30 days. This figure has not been corrected for the influence of gravity. 

5. Emphasis is laid on the general method of attack rather than upon the 
finality oi results obtained. 

In acknowledgment should be made to Mr« N. £• Edlefsen and 

Mr. S. K. Ewing for assistance in the laboratory and for valuable suggestions 
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that Turn been made from time to time, and to Dr. F. L. West,'the head of 
the department, for cooperative encourag«nent during the progress of the 
work. 
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INTRODUCTORY 

Considering the nature of the changes which are brought about in soil con* 
stituents through biochemical agencies, it has been the opinion of various soil 
investigators that an appreciable part of the soil’s total supply of phosphorus 
is in organic combinations. 

The methods used in the earlier work on this subject ]gave indications of a 
qualitative nature only, and did not approach with any degree of exactness to 
an accurate measure of the organic phosphorus of the soil. In fact, until 
recently the evidence that a significant part of the soil’s supply of phosphorus 
is organically combined was largely circumstantial. It was assumed that the 
presence of an excess of phosphorus in the surface soil accompanied by an ex¬ 
cess of organic carbon and nitrogen, while potassiiun and other inorganic con¬ 
stituents were about the same as in the subsurface, was conclusive evidence 
of the presence of organic phosphorus. Other methods of estimation, such as 
increased solubility of phosphorus in dilute acids after ignition or treatment 
with oxidizing agents, have been proposed, but the indictions of some of these 
have been called into question, while others have perhaps never received the 
extended study their possibilities would warrant. 

Previous to the work of Potter and Benton (4), who developed what is 
apparently a reliable procedure for the determination of the organic phos¬ 
phorus in ammonia extracts of soil, there has been no method for the estima¬ 
tion of any part of the organically combined phosphorus in soil which could 
be considered in any degree satisfactory. In a former paper (7) from this 
laboratory, attention has been directed to defective features in some of 
these earUer methods 9^ data published which were obtained in an extended 
study of the method described by the authors named. The procedure neces¬ 
sary for securing the possible extraction of organic phq^horus from 

the sdl studied was described in the. paper dted. The data there rq>orted 
led to the conclusion that the organic phosphorus obtained in ammoniacal ex- 
ttacts of the acid-extracted soil is a very dose approximation to the soil’s 
entire content of phosphorus so combined. 

As a part of a comprehensive plan for the study of the phot^honts combina* 
tions in soils, and for the purpose of obtaining further information on the 
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general subject ol organic phosphorus in soils, it has been considered desira b le 
to compare virgin and cultivated surface and subsurface samples from a num¬ 
ber of representative types of Ohio soils, with respect to organic phosphorus 
content and such other data as may appear to be related thereto. The work 
done in pursuance of this plan forms the subject matter of the present paper. 

SOILS STUDIED 

The samples considered here are from two depths, Q-7 inches and 7-15 
inches, designated and respectively, in the laboratory numbers. 
They have been selected from a number of samples taken from important soil 
types of the state. The points considered in their selection have included 
similarity in total potassium content, as indicating similarity in mineralogical 
composition, between the virgin and cultivated samples and the surface and 
subsurface. In addition, samples showing any abnormal departure from the 
average of the type or inconsistencies in total phosphorus or nitrogen content 
have not been included. Another point to which much importance was at¬ 
tached is similarity in reaction to litmus paper, although several exceptions to 
this have been admitted if otherwise suitable. The reaction of these soils, 
as well as the calcium, magnesium and carbonate content have been discussed 
at length in a former publication (1). The names applied to the soil types 
represented by these samples are those of the Ohio soil survey. 

The history of none of the cultivated samples is known with exactitude. Sam¬ 
ple 36 was stated by the owner to have been cultivated not less than 70 years. 
Numbers 19 (from a dairy farm) and 34 had been cropped for 50 years, 21 and 
38 “a long time,” and 32 for 30 years. It is believed that none of the culti¬ 
vated soils has been under the plow for less than a generation, and so far 
as could be learned none had ever been limed or had received any commer¬ 
cial fertilizer. The virgin samples were all taken from land, usually wood¬ 
land with large trees, which was known with reasonable certainty never to 
have been cropped. In selecting locations for samples, care was taken to 
secure the virgin samples in as close proximity as possible to the place where 
the cultivated samples were obtained and from land of similar topography, in 
each case t3rpical of the soil area being sampled. 

ANALYTICAL METHODS 

The methods of analysis employed were essentially those described in a 
former paper (7). The extractions with add and dilute ammonia were cop- 
ducted as follows. Three hundred grams of groimd soil were weighed into a 
liter Florence flask and the flask filled with approximately 1 per cent hydro¬ 
chloric add (25 <;c. concentrated add per liter), stoppered and shaken fre¬ 
quently for 1 hour. The contents of the flask were then shaken up and poured 
upon m 15-cm. BUchner funnel with two filter paper circles upon the plate. 
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As soon as filtered, the soil was washed with 2 liters of the 1 per cent hydro¬ 
chloric add and finally with 1 liter of saturated carbon dioxide solution, which 
was found suflkient to remove the hydrochloric add in every case. Suction 
was employed in the filtration but care was taken not to allow the wash liq¬ 
uids to be drawn through too rapidly in case a very permeable sample was 
being filtered. The filtrates were made to 4 liters, by weight, mixed and 30Q- 
cc. aliquots taken for the determination of phosphorus removed from the soil 
by washing with 1 per cent hydrochloric add. The cake of soil was trans¬ 
ferred to a Winchester bottle, the rinsings from the funnel, etc. added, and the 
requisite amount of strong ammonia to make the finished solution 2.5 per cent 
NHa (150 cc.). The bottle was finally made to such weight with water that 
the volume of the 2.5 per cent ammonia in contact with 300 gm. of soil was 
1500 cc. The two filters partially compensate for the loss in weight from add 
extraction, and as none of these soils contained an undue amount of add-soluble 
material, this and the slight evaporation during filtration were considered suf- 
fident compensation. After shaking for 6 hours in a mechanical shaker 3 
gm. of powdered ammonium carbonate were added and the mixtures shaken 
and allowed to stand some time. The contents of the bottles were finally 
shaken and poured into 25-cm. Biichners with two paper circles, connected by 
large rubber stoppers to 4-liter wide-mouth bottles. The funnels were cov¬ 
ered with well fitting glass plates and after several hundred cubic centimeters 
had run through and the filtrates were free from day, the apparatus was dis¬ 
connected, the filtrates poured back and the apparatus again connected. The 
bottles were partially exhausted (a 25-cm. mercury vacuum was found safe) 
sealed and allowed to stand until the extract had passed the filter, renewing 
the vacuum from time to time if necessary. A very small amount of glycerine 
was found indispensable as a lubricant for the rubber stoppers. 

The method for inorganic phosphorus in ammonia extracts has been very 
satisfactory with all these samples with the excepion of those representing the 
Brookston silty clay loam (36 and 37). In these cases all the predpitates 
were abnormal in appearance and behavior, and only by redissolving the 
ignited magnesium pyrophosphate and repredpitating with official molybdate 
solution and magnesia mixture could the results of two determinations be 
made to agree. As the extracts of these samples gave no unusual difficulty in 
the total phosphorus determination, it is probable that the conta m ina n t was 
pMqi'tly organic* In thcidaieimuiation of total phosphorus in ammonia extlracts 
by the wet combustion method, it was found t^t the final predpitates of mag¬ 
nesium ammonium phosphate from some of these samples were wntaminated 
with iron, therefore it was necessary to resort to repredpitation by molybdate 
and 11 ^ mixture. Although not absolutdiy necessary in all cases, this 

was alwa 3 rs done in the worft here reported. 

The phoiqihorus in the soil was determined by the magnesium nitrate-voi- 
uanetrk'method (2). Total nitrogen was determined by the official method 
(2). Ammonia-soluble organic matter (humus) and humus ash were deter- 
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mined by evaporating 50 cc. of the ammonia extract to dryneas in a weighed 
platinum di^ on the steam bath, drying 4 hours at ICKf C. in vacuo over PA, 
w^bing, igniting, and again weighing. No correction for comlnned water 
in the ash was a{^ed. 

Comparative color oi the ammcmia extracts was determined by diluting 3 
cc. to 100 cc. and comparing in a Schreiner colorimeter with an extract simi* 
larly treated and arbitrarily given the value 100. It should be noted that the 
numbers serving as the index for comparative intensity of color vary directly 
with the intensity of color. Thus, an extract with the number 50 has one-half 
the color intensity of the standard. 

SIGNIFICANCE OF ANALYTICAL DATA CONSIDEXED 

In table 1, the analytical data for these soils, of interest in the present con¬ 
nection, are presented. These include total phosphorus in the soil, inorganic 
and organic phosphorus in ammonia extracts and phosphorus removed frtnn 
the soU by washing with 1 per cent hydrochloric acid and saturated car¬ 
bon dioxide solution in preparing the samples for extraction with ammonia 
solution. 

While the direct connection between the acid-soluble and the organic phos¬ 
phorus content of the soil may not be apparent, the amount of phosphorus 
removed from the soil by leaching with dilute hydrochloric acid is considered 
to be of some significance in a soil study of this nature, for the reason that it 
may serve to indicate variations in the state of combination of soil phosphorus 
or serve as an index to the more readily soluble or presumably more available 
part of the total phosphorus, as other procedures of extraction with dilute 
acids have been supposed to do. It should be understood that the hydrochlor¬ 
ic-acid leaching removes much more phosphorus from the soil than does a single 
extraction with fifth-normal nitric acid, which has been used to a considerable 
extent for this purpose in the past. This is true, not so much because one is 
a more powerful solvent than the other, but because a process of leaching 
tends to reduce to a minimum the reabsorption of phosphorus once dissolved. 
This phase of the subject has been studied at length by Prescott (6). 

From data published in a former paper (7), it appeared that in the case of 
the soil then studied, inorganic phosphorus absorbed by the soil from add 
solution was completely recovered as inorganic phosphorus in water washings 
and a subsequent ammonia extraction. Unfortunately, no work intended to 
confirm this point for the soils now under consideration has been done, so that 
in these cases there is no proof that the absorbed pho^horus is completely 
removed by a subsequent ammonia extraction. The most that can be said 
that the phosphorus neither removed by acid leaching nor appearing in the 
aifimonia extract ^ about the maximum amount which can be considered to 
be in a form veiy resistant to solvents, possibly because it is endosed in min¬ 
eral particles. If this last statement is true, it seems probable that there 
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would be evident, in many cases, a certain uniformity among figures so ob* 
tained for virgin and cultivated surface and subsurface soils of the same type, 
of dmilar origin and mineralogical composition. Such being the case, it would 
indicate that the figures for organic phosphorus are probably not grossly in* 
accurate by reason of incomplete extraction at least, since it is improbable 
that the surface and subsurface san^ples would contain the same amounts of 
organic phosphorus not extracted by ammonia. This phase of the subject 
will be dismissed with the statement that the percentages of insoluble phos¬ 
phorus, calculated on the soil, do in most cases show a marked similarity. 
The variation between soil types is large, but several types show nearly as 
large differences between surface and subsuface of the same sample. As the 
percentages can readily be calculated from other data in table 1, they are not 
tabulated. 

The total nitrogen contents or these samples are included, because these 
serve as indicators of the relative amounts of organic matter in the samples. 
The comparative color, total organic matter (humus) and humus ash in the 
ammonia extracts are included to establish their relation to the content of 
organic phosphorus. 


DISCUSSION OF ANALYTICAt DATA 

In nearly all cases the virgin surface sample contains more total phosphorus 
than the corresponding cultivated sample. The same is true of the subsurface 
samples also, although here the average difference is comparatively small. 

The ammonia-soluble organic phosphorus of both depths averages higher 
with virgin samples than with cultivated. In each depth, the average per¬ 
centage of the total phosphorus which is in the ammonia-soluble organic form 
is practically the same in the cultivated samples as it is in the virgin samples. 
One-third the total phosphorus of the average surface sample is organically 
combined, while in the subsurface samples the average proportion is one-fifth. 
As it happens, the extremes are in the cases of the two sandy soils, the Dun¬ 
kirk fine sand having but 18 and 20 per cent of the total phosphorus in the 
surface depths of the cultivated and virgin samples, respectively, in the or¬ 
ganic form, while the Clyde fine sand shows 52 and 50 per cent so combined 
in the corresponding samples. The lowest proportion of total phosphorus in 
oiganic form in the calc ot a suosurfacc sample is found in the case of the vir¬ 
gin Wooster silt loam, 6 per cent; the highest is 47 per cent in the virgin Clydt 
fine sand. 

The proportion of the total phosphorus occurring as ammonia-soluble in¬ 
organic averages slightly higher in the subsurface than in the surface samples. 
The average figure is 11 per cent for both virgin and cultivated samples of this 
depth, but 8 and 9 per cent, respectively, for suiface samples. The extremes 
ate 2 per cent in the subsurface of the cultivated Clyde fine sand and the sur¬ 
face of the virgin Crosby silt loam and 20 per cent in the subsurface of the vir- 
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^ Lucas silt loain« It should be noted that the hgure for ammonia^uble 
inorganic phosphorus is to some extent influenced by the technique of the pre¬ 
vious add extraction, so that these data are of uncertain significance. 

The percentages of the total phosphorus removable by leaching with 1 per 
cent h 3 ^rochloric add and washing with a saturated solution of carbon diox¬ 
ide are on the average distinctly higher in the cases of both depths of virgin 
samples. This is in harmony with the results obtained for fifth-normal-nitric- 
add-soluble phosphorus and is doubtless to be attributed to depletion of the 
more soluble forms of phosphorus as the result of cultivation. In the cases of 
several types, however, the cultivated sample contains the greater amount of 
acid-soluble phosphorus. 

As might be expected, the data for total nitrogen show very distinctly the 
effect of cultivation upon the surface soil. The effect upon the subsurface is 
much less, in fact several samples show as much total nitrogen in the lower 
depth of a cultivated sample as in the virdn sample of the same depth, or 
still more. In general, within each t)q>e there is apparent a marked relation 
between total nitrogen and the ammonia-soluble organic matter, organic phos¬ 
phorus and color. The Clyde fine sand is rather exceptional in the lack of 
such correlation. In comparing different t)q)es a similar, though commonly 
less exact relation between these constituents is observed. From the aver¬ 
aged data for all types, it was found that the ratio is such that if the ammonia- 
soluble organic matter of the surface soil is represented by 100, the total 
nitrogen will approximate to 10 and the organic phosphorus 1. For the sub¬ 
surface samples, the ratio of soil nitrogen to organic phosphorus is slightly 
higher, and the relative amount of ammonia-soluble org'iuic matter is some- 
w^t less. 

The percentage relations of the ammonia-soluble organic phosphorus to 
humus are included in table 1. From these, it may be observed that the 
least proportion of organic phosphorus to organic matter in ammonia solution 
is found in the case of the surface soil of the Dunkirk fine sand; the figure here 
is slightly less than 0.6 per cent for both samples, and the subsurface samples 
ftigfi show percentages but a trifle greater. The highest percentage of orgamc 
phosphorus in ammonia***' ^uble organic matter is found in the case of the vir¬ 
gin subsurface of the Brookston silty clay loam, the figure being 1.94 per cent 
The percentage of organic phosphorus in the ammonia-soluble organic matter 
is distinctly higher in the case of the subsurface samples and in most cases the 
organic matter from the subsurface of virgin samples contains more than that 
fr^ cultivated samples. 

The comparative color of ammonia extracts is more nearly directly propor¬ 
tional to the organic matter in the extract than to organic phosphorus or total 
nitrogen in the soil. Considering the amount of the color due to ferric hydrox¬ 
ide, it could scarcely be expected to show any very close relations to other 
constituents of the solution. 

The percentages of humus ash contained in the ammonia extracts of these 
soils do not exhibit any dose relation to other constituents found in solution. 
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ift gncnl^it may be laid that surface soib ccmtainiiig much organic matter 
soluble iu anmumia run higher than the average in humus ash. Subsurface 
samples, however, sometimes furnish an extract with more adi than that 
from the corresponding surface soils. The percentage of ash in the ammonia 
extract is to a large extent dependent upon the effectiveness of the filtration 
procedure. It was found in a previous investigation (7) that the method of 
filtration employed for these samples affords an extract practically free from 
day. With most samples ferric oxide is the predominant constituent of 
the ash. 

SXACnON OF SOIL AND ORGANIC PHOSPHORUS CONTENT 

In so far as the data obtained permit any opinion to be formed, reaction of 
the soil is without influence upon the organic phosphorus. The soils induded 
in this investigation are predominantly add; there are but four types in which 
both cultivated and virgin samples are alkaline. Of these four types, the 
Miami silty clay loam and the Lucas silt loam are upland soils and the Brooks- 
ton silty clay loam and Newton loam are representative of the dark-colored, 
often poorly drained neutral or alkaline soils so common in the northwestern 
quarter of the state, and formerly referred to the Clyde series of soils on ac¬ 
count of their high content of organic matter, which is the distinguishing char¬ 
acteristic of the Clyde series. The soils first named are rather below the av¬ 
erage of all the types here considered in total nitrogen, ammonia-soluble organic 
matter and organic phosphorus, while the second pair of soils are distinctly 
above the average in all these constituents. 

The averaged percentages of organic phosphorus in ammonia-soluble or¬ 
ganic matter of these soils are not markedly dMerent from those of the other 
types considered, nor are the ratios of these constituents to total nitrogen dis¬ 
similar when averaged for the four types, although including samples which are 
near extremes in both directions with respect to ratios of nitrogen, humus and 
organic phosphorus. 

It is true that the dark-colored alkaline soils under discussion are highei 
than the average in total phosphorus, and that an unusually large proportion 
of this is present in the organic form. But the Clyde fine sand, although lower 
in total phosphorus, has an even larger proportion of this in the organic state, 
and this soil is acid. The only relation existing between reaction and organic 
phosphorus content seems to follow from the fact that the chief factor favoring 
the accumulation of organic matter (and organic phosphorus with it) is poor 
drainage, and this also operates toward th^ conservation of bases, the soil re¬ 
maining alkaline if it was well supplied with basic material at the beginning. 

CULTIVATION, SOIL REACTION AND NATURE OF ORGANIC PHOSPHORUS 
«* 

The data in table 1 show that the organic phosphorus content of virgin 
surface soils is in general considerably greater than that of the corresponding 
cultivated samples; it has just been said that the reaction of the soil appears 
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to bo wi^ut marked influence upon its content of organic jdiosplionis. Tbe 
question of tbe influence of these factors upon the nature of the organic phos-, 
phorus compounds of the soil remains to be answered. As a means for de- 
t e ct uig any difference in composition which might exist between the organic 
phosphorus compounds of different soils, the procedure of hydrolysis with 5 
per cent sulfuric acid, as used by Jones (3) in his studies of the nudeotides and 
by Potter and Snyder (5) for ammonia extracts of soil, seemed promising. 

The experiment was conducted in the following manner. Eight-hundred- 
cubic-centimeter portions of the ammonia extracts from the surface soil, both 
virgin and cultivated, of the pronouncedly acid Wooster loam, the very slightly 
acid or nearly neutral Clermont silt loam and the alkaline Newton loam were 

TABLE 2 


Decomposition of organic phosphorus compounds by boiling 5 per cent H«S 04 



8AKFU 4A 

SAMPLE 21a 

■AMPLE 49a 

moE ow 

■SATZNO 

Inorganic 
P found 

Increase 
due to 
hydroly¬ 
sis 

Percent of 
organic 

P decom¬ 
posed 

Inorganic 
P found 

Increase 
due to 
hydroly¬ 
sis 

Per cent of 
ornnic 

P decom¬ 
posed 

Inorganic 
P found 

Increase 
due to 
hydroly- 1 

Per cent of 
organic 

P decom¬ 
posed 

hours 

mgm. 

mgm. 

per cent 

mgm 

mgm. 

per cent 

mgm 

mgm. 

Per cent 

0 

2.2 

(0.8*) 

(15) 

1 8 

(0.3*) 

(8) 

1.5 

(O.S*) 

(8) 

i 

2.6 

0 4 

9 

2 2 

0.4 

11 

1 8 i 

0.3 

5 

l:0S 

2.9 

0 7 

16 

2.3 

0.5 

14 

2.1 1 

0 6 

10 

2 

3.1 

0 9 

20 

2.5 

0 7 

19 

2.4 

0.9 

15 

4 

3.3 

11 

24 

2.7 

0 9 

24 

29 

1.4 

24 


SAlfPUC 5 a 

SAMPLE 22a 

BAMPIE 50a 

0 

4 5 

(1 0*) 

(15) 

2 3 

(1 0*) 

(22) 

1.9 

tm 

(14) 


4.8 

0.3 

5 

2.5 

0.2 

6 

2.1 


3 

1 

4.9 

0.4 

7 

2 6 

0 3 

9 

2.5 

0.6 

8 

2 

5.1 

0.6 

11 

2.8 

0.5 

14 

2.8 

0.9 

13 

31 

5.6 

1.1 

19 

3 1 

0 8 

23 

Lott 




* Increase over that contained in the original solution, due to decon.po8ition during 
preparation for experiment, including momentary boiling. 


allowed to stand in large porcelain dishes for several days, in a place protected 
from dust but exposed to a constant current of air, until the ammonia had 
evaporated and the volume was reduced about one-half. The solutions were 
then transferred to 500-cc. flasks and made to volume with washings from 
the dishes. Aliquots of 100 cc. were transferred to 200-cc. extraction flasks, 
sufl&dent dilute sulfuric acid added to make the solution 5 per cent by weight 
and reflux condensers attached. The flasks were set, three at a time, upon an 
electric hot plate and heated as rapidly as possible to boiling, each time start¬ 
ing with the plate cold. After the solutions had boiled the stated time, the 
flasks were immediately cooled with water, the contents poured into centrifuge 
bottles, alkaline with ammonia and treated in the usual manner for the 
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inoigaiiic phoq>horus detennination* The results 
tahk 2, alk) in giEphk form in figure 1. . 


obtained are presented in 



Fio. 1. Hydrolysis of Organic Phosphorus Coicpounds by 5 Fbr Cent HiSOi at 
BonjNO Tkkfsratdrz 

In explanation of table 2, it should be recalled that the samples represent 
160 cc, of the original extract, and the original contents of inorganic and 
organic phosphorus were as follows: 


■AMKB 

nroEOANxc nromoaui 

oaoANXc taotnoaui 


mgm* 

mtm. 

4a 

1.4 

5.3 

5a 

3.5 

6.7 

21a 

1.5 

4.0 

22a** 

1.3 

4.5 

49a 

1.1 

6.3 

50a 

0 7 

8.3 
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The figures in table 2, enclosed in parentheses, rqnesent increases over the 
corresponding original amounts of inorganic phosphorus as given above, 
the percentage relation of the same to the original organic phosphorus con* 
tents. These indicate the amount of decomposition during preparation of the 
solutions for the experiment, including momentary heating to boiling tempera* 
ture with immediate cooling, and serve as blank determinations wi^ the time 
of hydrolysis at aero. Elsewhere in table 2, the amounts of inorganic phos* 
phorus found after boiling for a stated time have been reduced by the corre¬ 
sponding quantities to which reference has been made and the percentages of 
decomposition have been calculated on the basis of the organic phosphorus 
remaining undecomposed after this preliminary treatment. These percent¬ 
ages of decomposition are plotted as ordinates in figure 1, while the periods of 
boiling, in hours, are abscissae. 

The data presented in table 2 and plotted in figure 1 indicate that the or¬ 
ganic phosphorus compounds of all the cultivated soils are somewhat less re¬ 
sistant to hydrol 3 rsis than are those of the virgin sods. It is noteworthy that 
decomposition during 4 hours’ boiling has been precisely tbe same in the cases 
of all the cultivated soils, 24 per cent, although the percentages at intermediate 
periods do not coincide. Of the cultivated sample's, the curves representing 
the acid Wooster loam, 4a, and the slightly add Clermont silt loam, 21a, 
show considerable resemblance. Among the virgin samples, the Wooster loam, 
5a, shows the greatest divergence from the other two, and also the greatest 
difference between a virgin and cultivated sample. The alkaline Newton loam 
shows greatest resemblance between data for virgin and cultivated samples, 
p>ossibly because its extracts contain most organic phosjihorus and any per¬ 
centage errors are thus smaller. The results of this experiment are so inde¬ 
cisive that extended comment does not seem to be warranted. Neither strik¬ 
ing resemblances nor marked dissimilarity among the organic phosphorus com¬ 
pounds of virgin and cultivated soils, both acid and alkaline, is indicated. 

AVAILABILITY OF PHOSPHORUS IN ORGANIC COMPOUNDS 

While it was not intended to include in this study any reference to the ques¬ 
tion of the amount of jAosphorus supplied to vegetation from that stored up 
iof the organic form, this being a subject for more extended investigation, it 
may be well to direct ancntloL to some facts disclosed by the data obtained 
and which seem to furnish indications regarding this phase of the subject 
The general relation found to exist between the humus, total mtrogen and 
organic phosphorus of the soils investigated and the marked similarity of the 
ratios between these constituents in virgin and long cultivated soils of the 
same type has been pointed out The considerable resistance to decomposi¬ 
tion by hydrolysis with boiling 5 per cent sulfuric add shown by the organic 
pho^horus compounds of all the samples in which this was deUumined, has 
been demonstrated. The ready response to pho^honis fertilisation shown by 
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gether, them facts cb iiot ixidimte that the 

becomes avrilehle very rapidly, certamly not at a generally greater rate than 
the organic nitrogen associated with it in the soil. Further, it seems altogether 
probable that the various agencies, including liming and frequent cultlvatiDn, 
known to result in a nimre rapid utilisation of the soil’s sieve of nitrogen, will 
have a similar effect upon the phosphorus in organic combinations. 

SUKKAKY 

A study of the organic phosphorus content of samples frevn 12 representa¬ 
tive types of Ohio soils, and the relation of the same to other soil constituents, 
is reported. The observations made have been based upon the exanunation 
of virgiq and cultivated samples, stuiace and subsurface, from each soil type 
considered. 

Averaged figures indicate that virgin surface samples are considerably 
richer in total phosphorus than the corresponding cultivated samples of tht 
same type, and that virgin subsurface samples contain slightly more total 
phosphorus than cultivated soils at the same depth. 

The organic phosphorus contents of the several samples from the average 
soil type stand in the same order as the contents of total phosphorus. 

The organic phosphorus bears v^ nearly the same percentage relation to 
the total phosphorus in cultivatecT^ils as in virgin soils at the same depths, 
in the greater number of cases. 

From averaged data, one«third the phosphorus in the surface and one-fifth 
that in the subsurface samples of both virgin and cultivated soils is in the 
organic form. 

The organic phosphorus and humus soluble in ammonia are shown to be 
closely related to each other, to total nitrogen in the soil and, to a less extent, 
the color of the ammonia extract. Fr^^veraged data, if 100 represents the 
percentage of ammonia-soluble humus obtained from a soil, the total nitrogen 
in the soil is 10, and the organic phosphorus in the ammonia extract is 1. 
Except as noted, there does not appear to be any connection between other 
soil constituents and organic phosphorus content. « 

Reaction of the soil appears to be without influenep^pon the quantity and 
nature of the organic phosphorus present. ^ 

JJhtrt is some evidence that the organic phosphorus compounds of culti¬ 
vated soils are decomposed slightly more readily than are those of the virgin 
soils examined. 

From general considerations, it is thought that the phoq;du>rus in organic 
comtdnations in tfas soil is not a very high order of availabOity. 
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THE EFFECT OF THE INITIAL MOISTURE IN A SOIL ON 
MOISTURE MOVEMENT 

P. E. KARRAKER 

Agricultural Experiment Station^ University Kentucky 
Received for pubiic&tion May 25, 1920 

A review of the literature on the effect of initial moisture on moisture move¬ 
ment has been given by Alway and McDole (1). Their statement in this 
connection is, **No definite conclusions are to be drawn as to the effect of the 
initial moistness upon movement of water.” 

Experimental work of their own is also reported. “ Seventeen soils, ranging 
from a coarse sand with a hygroscopic coefi&cient of 0.6 to a silt loam with one 
of 13.3, were placed in cylinders in three different degrees of moistness, 0.5, 
1.0, and 1.5 times the hygroscopic coefficient, 1 inch of water was applied 
and the rate of movement during 5 days observed.” The percentage of water 
in the moistened portions at the various times also was determined. It was 
found that the distance of penetration increased with increase in initial mois¬ 
ture, but that the percentage of moisture in the moistened portions of the 
soils was no greater, and usually smaller, in the soils of lower initial moistness. 
The fact that the distance of penetration was less in soil«i of low initial moist¬ 
ness was evidently due not to a less favorable condition for capillary move¬ 
ment in these soils ahead of the advancing water layer, but to the stronger 
force with which the smaller amount of water was held within the moistened 
portion. Had penetration been determined in the presence of a constant 
suj^ly of gravitational water, no doubt it would have been independent of 
the initial moisture condition. 

Glass tubes were also filled with the same soils in the same three degrees of 
moistness and the lower ends kept in contact with water at a constant level. 
Movement up into the soils was generally most rapid in the soils of highest 
initial moisture, but slowest in those of intermediate moisture condition, so 
that ^*no definite dep^*'Clence of rise upon initial moistness was shown.” 

Shortly after the date of the above publication, Harris and Turpin reported 
work on moisture movement, dealing in part with the effect of initial moist¬ 
ness in this connection (3). Their results show that, on the whole, distance of 
movement is greater in soils of higher initial moistness, particularly when 
sufficient is not given for the establishment of entire e<|uilibriuni in all 
soils. Again, however, there is no evidence from their published data of a 
leas favorable condition for penetration of ciqnllary moisture into soils of low 
initial The percentage of moisture in the moistened portions of 
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the3e soils never inaeased above that in the moistened portions of the soils 
of high initial moistness, as would be expected if the dry soil condition pre* 
sented less favorable conditions for the penetration of capillary mcusture 
than the moist soil condition. 

KXPXXnfENTAL WOU 

Some work was done by the writer at the Michigan Agricultural College 
during the years 1913 and 1914, on the effect on moisture movement of changes 
in the surface tension of the soil solution brought about by the addition of 
soluble salts (4). The salts were mixed with portions of soils. These were 
then put in short tubes, saturated, and, after percolation ceased, placed in 
capUlary connection with a dry soil underneath. The effect of the salts was 
determined by weighing from time to time and noting the relative rates 
at which the differently treated soils gave up water to the soil underneath. 
The question arose in this connection of the reflex effect on moven^ent of 
water from the tube soils of differences in the degree of mc^tening of tht soil 
underneath; for instance, would a tube soil which naturally gave up its 
moisture slowly be further handicapped on account of the idowness of the 
moistening of the soil underneath? 

A number of laboratory experiments made at the time with two soils—a 
sandy loam and a clay loam—showed no appreciable effect of differences in 
initial moistness on moisture movement of water subsequently added. Some 
of these results, hitherto unpublished, are as follows: 

Experiments with sandy loam soil 

U Soil bfoui^t to dcfbed initial moiatiuc conditioiia Move being placed in tubea (glaia 
tube! lor the most part 2i inches in diameter, were used in these experiments); same amount 
of packing given to the two soUs; water added to the bottom of the tubes. Movement of 
water throufl^ soil tided by head of water of about 20 cm. 

2. Same procedure as la (1) except that the moist soil was packed to a degree to give ptao> 
tically the same apparent specific gravity as that of the aMty soil 

S. Water added to tops el tttbesk A constant head of j iadi maintained Same amount 
of packing given the two tubes. 

EscpeHmonU with day loam sod 

1. Water added to topa of tubes, constant head of 1 inch maintained, aoila brought to 
deaired initial mobture content More being placed in tubes. 

2. Water added to tops of tubes. Constant head of | inch maintafated. All tdbes filed 
wHh iol! of hWt initial mdsture content Ihbea lev movemcaC in dry soft r educed to ap- 
penahnatdy aig4ry conditkm after fittkif. This procedure was. adopted to avoid diffcrencaa 
hi pncking bisnghi about by fifing with adla of dUFeicnt initial rnolimue contents. 

With one exception, movement in the air-dry soils was as tiq>!d as or more 
than in the soils of higher Initial moisture content The exception was 
a day loam tube in the first experiment with this soil, where the more rapid 
movement is probably to be attributed to favorable structural ooiuStions. 
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TABLE 1 

ExpuimmU sitndy loam 


Tunt 

D0f Ana UACltD wt momxttM Momoit m 

Soil coataininf 5.01 per 
cent initial moiatute 

So!l«i^dty. 1.00 per 
cent initial mobtiire 

to mfaiitai... 

6.3 cm. 

11.0 cm. 

14 7 cm. 

272 .Ogm. 

6.S cm» 

11.7 cm. 

15.0 cm. 

306.0gm. 

35 tnfT^^I**** . 

65 iT*^*^***’^ . . . . .. • 

Tntfll wftter no. 



TABLE 2 

Experiment 2, sandy loam soil 




DVtANCX SBACBBD BY MOIATOM MOVBllBBT IM 


rna 

' Soil containing 5.94 per 
cent initial mouture 

SoUair^ry. 1.00 par 
cent ii^tial moiitnrt 


5.2 cm. 

5.5 cm. 


9.5 cm. 

10.0 cm. 


13.3 cm. 

13.6 cm. 


• 

290.0 gm. 

310.0 gm. 




TABLE 3 

Experiment 3, sandy loam soil 



dhtancb uachbd by moktubx moyxmbmt oi 

TIMB 

S<nl crotaining 0 per 
cent initial moisture 

Soil air-dry, 1.00 par 
cent initial moistura 


4.4 cm. 

5.0cm. 


8.7 cm. 

9.2 cm. 


12.8 cm. 

13.0 cm. 


150.0 gm. 

178.0 gm. 


TABLE 4 

Experiment I, (day team sod 


not 

MtMifcs BinenD wt Moiinnue iMvnoiiT w 

S<dl c<mtiT^i"g 8.5 per cent UiltW moCature 

Soil air-drr, 3.5 per ewt fadtUl mdMwa 

tubas 


Both raw pai 

eked the SBM 

mhmtm 

10 

30 

60 

90 

em* 

5.0 

9.5 

13.4 

16.4 

sm* 

4.5 

8.0 

10.9 

13.1 

eai. 

4.1 

7.6 

10.6 

12.9 

3.9 

7 4 

10.5 

12.8 
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Results with the sandy loam soil showed also a larger amount of water 
taken iq> by the sc^ in the air-dry condition than with the higher initial mdst- 
ness. On the whole, these results do not indicate any gain hi capillary move¬ 
ment in soil due to higher initial moistness. 

In the absence of work of a conclusive nature on this point, it seemed desir¬ 
able to muJgft additional and more accurately controlled experiments along 
the line of those reported above.^ 

A difficulty in determining the effect of initial moistness on movement of 
water added is that, in placing the soil of different moisture contents in the 
tubes, differences in packing result which probably are an important factor 
in determining the movement secured. To avoid this, specially devised 
tubes were made of galvanized iron with a portion the entire length removed 
and a glass plate substituted (fig. 1). This made possible the filling of the 
tubes with soil of the higher initiai moisture contents and, by removing the 
glass plates and drying, the bringing about of differences in initial moisture 
content without changing the structural condition. The glass plates also 
made possible the observation of the distance of penetration of the water film. 

TABLE 5 

Experiment 2, clay loam soil 


DISTAVCB IXACBBD BY MOISTtnUE MOVBIIBNT IN 


ran 

Moist tubes, 6 per cent water added to | 
air-dry soil 

Air-dry tubes, 3.5 per cent moisture 

mimtUt 

CM. 

-- 

CM. 

CM. 

CM. 

10 

5.0 

5.0 

4.8 

4.5 

30 

8.0 

8.1 

7.6 

7.5 

60 

11.2 

12 2 

11.0 

10.8 

90 

13 6 

13.8 

14 4 

14.2 < 


Four soils were used: a sandy loam, two silt loams, and a day loam. One 
of the silt loams was obtained on the station farm at Lexington and will be 
designated as Station sUt loam; the other came from the Purchase Region of 
western Kentucky, a soil of loessal origin, which will be designated as 
Purchase silt loam. All four of the soils were surface soils. 

The hygroscopic coeffidents of these soils are: sandy loam, 2.90; Station 
silt loam, 5.26; Purchase silt loam, 3.80; day loam, 7.72. 

The soils were used in the following initial moisture conditions: oven-dry, 
air-dry, hygroscopic coeffident, times the hygroscopic coeffident, and, in 
the case of the sandy loam and Purchase silt loam, 2 times the hygroscopic 
coeffident 

Mdsture movement was determined by placing the tubes in a vertical 
iqiMdtion with th^ lower ends in contact with water at a constant level and 
noting the height of rise of water from time to time. 

1 like experiments reported in the remainder of this publication were carried out in the 
soil labmtoiy of the Kentucky Experiment Station. 
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The results ere shown in part in tables 6, 7, 8 and 9. Considemble pie- 
liminaiy work was done before the finul work reported in the tables. Since 
the results from this work are in practical agreement with those from the later 
work, it does not seem necessary to include them. The intrinl moisture con¬ 
dition of the soil, as well as how it was seemed, is shown in the proper head¬ 
ings in the tables. The distance of moisture movement at various times 
and the final total amount of water taken up are given. The iniHal percent¬ 
age of water in the soils as determined by drying in the oven and the appar¬ 
ent specific gravity of the soils also are shown. It will be observed that the 



actual moisture condition always varied somewhat from the one desired. 
Thorough distribution of the initial water added to the soils was secured 
before them into the tubes. The so^s were packed in the tubes by 

in «initll amounts and tampmg with a rubber stopper on a g^ass rod 
each Hme before adding a new amount. 

From the results given in the tables it is possible to note the effect of initirl 
moistare ^v'"**"* on moisture movement in a number of different ways. With 
the escq>tion of the Station rilt loam, no matter how the comparison is made, 
it is seen that moisture movement was no greater in the soils of higher initial 
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mobture content than in those of lower mdstnre content Hie hygroscopic 
water and the presence of an additional amount of capillaiy wate were 
without apparent effect in this connection. 

The Station silt loam gave no greater movement in the air-diy soil than 
in the oven-dry soil, but movement was c^predably greater in the sqQ of 
iniUal hygioso^ic coefiSdent and times the hygroscopic coefficient than in 
the air-diy soil. Results from preliminary experiments with this soil are 
also in substantial agreement with this in showing an increase in moisture 
movement due to the presence of initial amounts of moisture in addition to 
that in the air-dry soil. 

On the whole, however, these results do not show any significant increase 
in capillary moisture movement due to the presence of small initial amounts 
of moisture in addition to either the moisture-free or the air-dry condition. 
Or, stated in another way, neither the air-dry nor the oven-dry soil condition 
offered any apparent resistance to movement of capillary water through soil 
as compared with movement in the same soil containing an additional small 
amoimt of initial moisture. 

It may be called to mind that this has a practical bearing on the necessity 
of having loose earth mulches in a dry condition for their maximum function¬ 
ing and also in the application to field conditions of data on the extent of 
capillary movement obtained by observations made on capillary movement 
of water in air-dry soils in the laboratory. Some experimental work very 
often referred to as showing greater capillary movement of water through soil 
in an initial moist condition than in the air-dry state is that of Briggs and 
Lapham with movement in dry and saturated sand (2). According to their 
results, the movement in saturated sand was operative through a distance 
4.5 times that in the air-dry sand. It seemed rather reasonable, with this 
difference in movement in saturated and dry sand, that small differences in 
initial moisture content in field soils should show an appreciable effect. The 
fact that such was not found led to the repetition of t^ work with the dry 
and saturated sand. 

The method of experimentation was practically that of Briggs and Laphan. 
Distance of movement in the air-dry sand was determined by filling glass 
tubes of i-inch diameter with the air-dry sand and determining the maximum 
height of movement of capillary water from a vessel of water up into the 
sand; at the same time the maximum height of movement of water through 
the saturated sand was determined by filling a number of tubes of different 
lengths with the sand, saturating, and determining the maximum height 
through vffiich water would be moved to the surface from a vessel of water in 
contact with the bottom. The fact that movement of water from the vessel 
to the surface of the sand was taking place could be told both by the sand’s 
rcupainiiig moist at the surface and by the drq> of water level in the reservoir 
vessel. The tubes used for determining the distance of movement in the 
saturated sand usually were of lengths increadng in 5-cm. st^ By remov- 
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ing the sand as it dried from the top of the tube found to be just above the 
hdight of m a Fim u yn water movement until a p>ennanently moist condition 
was reached, it was possible to locate fairly definitely within the 5*cm. interval 
the exact distance sought. 

Quartz sand from three different sources was used in this work, (a) The 
first was sand secured from the Central Scientific Company; it was reasonably 
dean and in its natural condition gave very good moisture movement. It 
will be designated as C. S. sand, (b) Second, a sand was secured from the 
department of chemistry of the Experiment Station, which originally came 
from some point in Tennessee. This sand appeared dean, but in its natural 
state gave very poor capillary movement and on examination was found to 
contain a trace of oUy material. It was never used without some prepara* 
tory deaning treatment. This sand vdll be designated as Tenn. sand. Move* 
ment in the C. S. sand was also usually increased by a preparatory deaning 
treatment, (c) Finally one experiment was made with a sand from the 


TABLE 10 

Movement in dry and saturated sand 


SAMD USXD 

icovxmcNT w iAin> 

xAnooticovs- 
MXMT nv aXTU- 
KATSDTOMOVS- 
MXMTnf 
AH-DEY tAND 

Air-dry 

Saturated 


cm. 

mgm 


B^tucky River, below 40-mesh. 

25.5 


1.30 

C. S. below 60-mesh. 

66.0 


1.23 

C. S. 40 to 60-mesh. 

33.0 

58 0 

1.77 

C. S. 40 to 60-me8h. 

25.0 

«.o 

1.80 

C. S. 60 to 80-mesh. 

37.3 

60.0 

1.61 

Tenn. 60 to 80-mesh. 

33.5 

48.0 

1.43 

C. S. and Tenn. mixed, 80 to lOO-mesh. 

41.3 

75.0 

1.81 


sand deposits of the Kentucky River. The sand was used in its natural 
state. Both the C. S. and Tenn. sand were sieved and portions of different 
grades of fineness used in the work. 

The results from this work are shown in table 10. 

The variation betweea the different experiments makes impossible the 
of any definite value to the ratio of movement of water in the sand 
in ^ two conditions* Howe^'^r, the variation is within reasonably small 
limits, and while the distance of movement is greater in the saturated than 
in the dry sand, yet the average ratio between the two of 1.56 shows a very 
much arn fllTpr increase in the saturated condition than that fourid by Briggs 
and Laphan 

SUMMARY 

SdBs were placed in specially devised tubes and different initial moisture 
conditions brou^t about. These tubes were set in vertical positions with 
th^ lower ends in water, and the distance of penetration of water at various 
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tinai detemiiiied. It wu found that imall diffeienoes in iidtfnl mobtaM 
floatmt of tftt Mib mn for the nuMt pvt mthoat lignificaat effect in thb 
oonnection, the distance of movement being v great in the oven^ <a alr> 
dry Kdl u in B(d containing an additional initial small amount of water. 

A rqwtition of the work of Briggs and Lydian with movement in dry and 
saturated sand showed that movement in the saturated sand u an average of 
a number of experiments was 1.56 times that in the air>dr 3 r sand. 
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I. INTRODUCHON 

In 1902, the late Dr. Cjnril G, Hopkins (33) and his associates of the Illi¬ 
nois Experiment Station presented at the nineteenth annual meeting of the 
Association of Official Agricultural Chemists the first practical method for 
ascertaining quantitatively the acidity or lime requirements of a soil. The 
method is based on the theory that the acids, organic and mineral, in the soil 
are insoluble in water and cannot be extracted with water, but when a mineral 
salt solution is added to the acid soil, a double decomposition takes place, 
the acids (humic acids) react with the salt solution, uniting with the mineral 
base, forming neutral humates and liberating the mineral acid or an acid salt. 
The titration of the mineral acid serves as a basis for determining the total 
acidity of the soif. Eichhom (16) found that soil rich in humus and contain¬ 
ing free humic acids, liberates the add from neutral salt solutions when brought 
in contact with such a soil. Solenow (64) also observed that the difficultly 
soluble organic adds of the humus liberate mineral aci Is which may affect 
the plants growing on the soil affected. These observations are at variance 
with that made by Knop and Detmer (69) who claim that generally ''humates*' 
and "humic acids** are much less soluble in salt solutions than in pure water. 
But Heiden and Schumacker (37) demonstrated that portions of salts in solu¬ 
tion are removed by peat, prepared humic adds, and artificial humus when 
these come in contact with the salt solution. Veitch (80) is also of the opinion 
" that organic matter is able to remove from solution a portion of the mineral 
salt with which it is bro’jght in contact,** but further asserts that "none of 
the standard works on absorption of soils makes mention of the production 
of free mineral adds; neither theoretical considerations nor a cursory examina¬ 
tion of the literature lead one to believe that mineral adds in amounts equiv¬ 
alent to the total organic acids are set free by the action of mineral salt solu¬ 
tions on add organic material.*’ 

Shortly after the publication of the Hopkins method of soil acidity-deter^ 
minations, Veitch (80) subjected it to a critical study. Tests were made for 
free hydrochloric add in the extract, and except in one or two cases where 
the presence of water-soluble sulfuric add was proven, there were no tests 
which showed a considerable amount of free and. Tests for pho^honc add 
gave a negative result. In a previous work on the solubility of soil ingredient 
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in aalfate solutions, Veitch, homvar, noted the £ltnU;es were frequently adklin 
reietkm, and attributed it to the presence, in considerable quantities, of aluzni- 
nuzn, mm and manganese in the solution. He further found that when the 
apparent addity of the extract was equivalent to more than 1 or 2 cc. 0.05 N 
alVft H a precipitate was formed on titration which he identified as the hydrox^ 
ides of aluminum, iron and manganese. Ames and Schdlenberger (3) by 
experiment undertook to demonstrate that free add is formed by interchange, 
between add soils and potassitun nitrate solution. The procedure is described 
in Bulletin 306 of the Ohio Agricultural Experiment Station. The results 
obtained from 200 cc. of the potassium nitrate extracts are the following: 


Addity due to free add, by titration with methyl orange. 9.1 cc. 0.1 iV^ NaOH 

Total addity to phenolphthaldn...39.9 cc. 0.1 N NaOH 

Addity due to salts of Fe and A1 (by difference).24.8 cc. 0.1 N NaOH 

Chlorine equivalent to 0.3 cc. 0.1 N AgNOi. 0.0476 gm. 

Silica, by after HF treatment. 0.0005 gm. 

Ferric a^ aluminum oxides... 0.0471 gm. 

Iron by reduction and titration as FeiOt. 0.0136 gm. 

Al^ by difference. 0.0335 gm. 


The iron was found equivalent to 5.0 cc. of 0.1 N NaOH; and the alumina to 19.7 cc. 

It is thus seen that although free add has developed the addity due to the 
presence of aluminum is more than twice the acidity due to free add. The 
following opinion by Veitch (80) fits well with this result as* well as with his 
own: '^It seems that there is no setting free of appreciable quantities of hy¬ 
drochloric add, and that there is practically no reaction between the organic 
matter and the salt solution, whereby difficultly soluble organic adds are dis¬ 
solved, but that the acidity of the filtrate (or the acidity which is greater than 
would be given by water under the same condition) is due to the solution of 
alumina or some other add-salt yielding base.” 

The author has also made some studies on the composition of potassium 
nitrate extracts of three add soils. A more detailed account of the results of 
this study will be given in the latter part of this paper, but the condusion he 
reached is that potassium nitrate solution brings into solution the aluminum 
in the add soil when the latter is brought in contact with the salt solution; 
that the strong acidity exhibited by the potassium nitrate extract is due largely 
to the presence of a considerable amount of aluminum in solution; and that 
the predpitate formed at the point when the extract passed from an acid into 
an alkaline solution is largely aluminum hydroxide. 

Hitherto, the significance of Vdtch’s discovery has never been appreciated, 
and the nature of soil addity has generally been ascribed to the presence of 
free organic and mineral adds in the soil. The recent work,however, of such 
men as Abbott, Conner and Smalley (1) of Indiana, Ruprecht and Morse of 
Massachusetts and Hartwell and Pember (27) of Rhode Island, in which 
they have shown the r61e aluminum plays in some add soils, has given a new 
phase to the problem of soil addity. The last two men, especially, are so 
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convinced ol the presence of aluminum in add soils as the cause of the differ¬ 
ent bdiavior of barky and rye grown in an add soil that they '*the 
elimination of the effect of aluminum in add soils seems likely to prove more 
impmlant than the neutralisation of the addity” and that “attention should 
be given to methods of determining active aluminum while we are devel¬ 
oping those for sdl addity” (28). If aluminum should prove to be the most 
important factor in add soils, and a search is made for a method for deter¬ 
mining active aluminum and for eliminating its effect in add soils, such a 
method already exists. Vdtch had demonstrated that the Hopkins method 
does not bring considerable free adds in an add soil into solution but instead 
brings the aluminum in the soil into solution; the application of the method 
to ffdd conditions has brought excellent results. In other words, the method 
determines altunimun. The application of limestone to add soils, according 
to the method, eliminates the effect of aluminum, and so far as aluminum is 
concerned in add soils the Hopkins method is the best method for determining 
and correcting soil addity. 

n. OPINIONS CONCERNING THE CAUSE AND NATURE OF SOIL ACTOITY 

Frear (19) and Ames and SchoUenberger (3) have already reviewed quite 
comprehensively the literature and theories covering the subject of soil addity 
and in this paper the author only attempts to summarise briefly the opinions 
expressed by the different investigators. These opinions or theories may be 
divided into three groups. 

1. The presence of true adds. 

2. Adsorption by soils. 

3. The presence of considerable quantities of soluble aluminum salts. 

I. The presence of true acids 

In this group there are two important theories, the organic add theory and 
the mineral add concept. Let us take up first the organic add theory. 

In the decomposition of plant and animal residues organic aads arc pro¬ 
duced. Under proper aeration these-decomposition products are used up by 
soil organisms as fast as they are formed. But in poorly aerated and drived 
soils, these products may accumulate giving rise to add condition. The addity 
of some peat and mucl^ jOhIs has long been known, and this acidity has been 
assigned to complex insoluble organic adds. This theory was proposed by 
Sprengel (65) after having discovered what he called humic add.. Berzelius 
(6) further advanced the theory when, by treating a soil with an add he ob¬ 
tained two substances, one insoluble and the other soluble, the latter being 
identical to the humic add of Sprengd. Tacke and Sflehting (71) held the 
view that the addity of humic adds can only be accounted for on the basis of 
true adds, lhat oiganic adds exist in nonnal soils is a known fact. Blair 
and Macy (8) in Florida found muck soils which gave an add aqueous extract 
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oigtuuc adds in the soil. TliesoHcalk^hnmiis has been subjected to a criiicil 
ewnination by Shor^ (63) who found thus fax at least thir^n organic adds, 
among which are oxalk add| sucdnic add, saccharic add, acrylic add, {decline 
carboiylic add, paraffinic add and lagnoceric acid. But it is believed that 
under ordinary conditions the organic substances present in the soil cannot 
bring a condition unfavorable to plant growth. 

Some soils while defident in organic matter are deddedly add, hence it 
fdlows that the addity in this case must be attributed to other causes. T^uog 
(75) thought that the addity in this case is caused by true adds. It is claimed 
that plants and certain hydrated compounds in the soil removed the bases 
from the salts leaving free adds. Stoddart (67) for example, is of the opinion 
that the sulfates and chlorides in the soil are split up, the base elements being 
absorbed by the plants, leaving the acid radicals as adds thus giving rise to 
an add condition. It is further believed that the silicates which are import¬ 
ant constituents of soils of non-limestone rock origin are decomposed by car¬ 
bonated water in the soil resulting in the removal of bases which are either 
taken up by plants or leached out. The oxides of silicon and aluminum 
left over combine to form aluminum-silidc adds which may cause soil addity. 
Truog (77) says: *Tt is possible that mere removal of bases from the original 
silicates may give rise to add silicates which cause soil addity.” On this 
point Hopkins (32, p. 176) says, ‘‘Add silicate is formed from polysilicates 
from which some basic elements may have been removed and replaced with 
acid hydrogen, by reaction with soluble organic adds, or possibly by the long- 
continued weak action of drainage waters charged with carbonic acid, do exist 
in the soil, and the evidence thus far secured indicates that they account for 
most of the addity of soils which are at the same time strongly add and very 
dehdent in humus.” In the study of add red clay soils of Porto Rico, Loew 
(41) ascribes the addity to the presence in the soils of an add clay or aluminum 
silicates having the formula H 4 Al 3 Si| 09 , which he called argillic add. 

Lastly by the use of electrometric and colorimetric methods of determining 
hydrogen-ion concentration, Gillespie (22) demonstrated the presence of add 
in the soil. His findings were in accordance with the results of Sharp and 
Hoagland (62), who conduded that soil addity is due to the presence of an 
excess of hydrogen ions in the soil solution. 

It is believed that certain treatments of the soil may also give rise to addity 
in the soil. Continued application, for example, of artificial fertilizers like 
•ulfate of ammonia a,»d g^d phosphate causes addity of the soil. When sul¬ 
fate of ammonia i| l^^ed to so^, ammonia is nitrified leaving the sulfate 
radical to form sulfi#c add. Muriate of potash, according to Stoddart (67) 
tends to leave an add residue due to the absmption of potassium by plants or 
sdl colloids, leading free sulfuric and hydrochloric adds. There are instances 
in which continued application of ammonium sulfate to the soil resulted in 
an add soil. Wheeler (82) reported add the soil in the plots of the Rhode 



AltWimM A8 A #AC10& IK SOU. ACIDITY 


157 


IsdaDd £3^>0iinieiit Station which received ammoDiuin sulfate continuously* 
Hall and Gixningham (24) in England, Hunt (35) in Pennsylvania and Ru- 
precht and Morse (60) in Massachusetts encountered similar results with ex¬ 
perimental plots receiving ammonium sulfate continuously but not limed. 

It has also been thought that add phosphate may produce aridity in the 
soil. The fact that acid phosphate is an arid salt is responsible for this belief. 
In discussing the advantages of raw phosphate over acidulated phosphate 
Hopkins (32, p. 242) sa)^: **A third point in favor of raw phosphate in com¬ 
mon with bonemeal and slag, is that it is free from acidity and has no tendency 
to injure the soil. This is a minor advantage, because if acidity develops from 
the use of acid phosphate (and it does) it can be corrected at a small expense 
by the addition of any form of lime.” Thome (72) of the Ohio Experiment 
Station also is of the opinion that arid phosphate may develop aridity in the 
soil. He says: “There is reason to believe that acid phosphate increases the 
tendency to soil acidity, but it is not the sole cause of such acidity for there 
are very acid soils which have never received any phosphate,” These opinions, 
however, do not agree with the experimental evidence. In a study of the 
aridity of experimental plots in Indiana in which acid phosphate has been ap¬ 
plied for twenty years, Conner (13) found that these plot® show less aridity 
than soils which have never had acid phosphate. By computing the amount 
of free phosphoric acid added to the soil when the rate of application is 200 
pounds of arid phosphate containing 14 per cent available phosphoric acid, 
Frear (19) concluded that it would take a long time and a large amount of 
phosphate to make a soil acid by such direct action. The results of the au- 
thor^s tests which will be presented in this paper also indicate that arid phos¬ 
phate tends to reduce rather than increase the acidity of the soil. 

2. The adsorption theory of soil acidity 

The phenomenon of soil acidity has also been explained as a case of adsorp¬ 
tion. Cameron (11) was the first to apply the theory of adsorption in explain¬ 
ing the acid reaction of certain soils. He attacked the blue litmus paper test 
for soil aridity on the ground that wet cotton also turns blue litmus paper red. 
He is of the opinion that me reddening of blue litmus paper by certain soils is 
a case of selective adsorption. 

After investigating |K)ine ^'cid soils of Michigan, Harris (25, 26) arrived at 
the conclusion that the arid reaction of the soil is due to selective adsorption 
and not to the presence of acids. ^ ^ 

Parker (49) asserts that because of the nature of the surface of its constitu¬ 
ents soils adsorb the cation at a greater rate than the anion, and that the 
arid reaction of ccmain soUs is due to this fact. 

In a odmprc^ensive study of arid soils of Japan, Daikuhara (14) conclude® 
that their arid reaction is not due to organic acids (humus) alone but also to 
adsorption of coHoidal copippunds of aluminum and iron. 

Gully (23) alsd ascribes the arid reaction of peat moss and peat soils to 
adsorption of the coUoidal matter of the covering of the sphagnum ccUs. 



JOSS JIBOK SpAtCML 


m 


J. The presence of solMe solis of dumimm in tim soA 

Tlie idsa bad its inception in the work of Abbott, Conner, and Smaller (1) 
who investigated a few years ago, the causes of the unproductivity of some 
soils in Indiana. They obtained water extract of the adds soils, and deter¬ 
mined its composition. They have found that the extract reacts add to phe- 
ndphthalein and that the nitrate was present partly as aluminum nitrate. 
Com seedlings were grown in the extract along side of solutions of nitric add 
and aluminum nitrate of known normality, and it was found that the extract 
was extremely toxic up to 0.0005 N, It was found that the toxidty of the ex¬ 
tract was equal to the toxidty of nitric add and aluminum nitrate of the same 
normality; and the condusion arrived at was that soluble salts of aluminum 
are largdy responsible for the unproductiveness of the soils in question. 

Ruprecht and Morse (60), investigating the effect of continued application 
of ammonium sulfate to soils, found that aluminum sulfate is formed which 
causes the add reaction and the unproductivity of the soil. 

Hartwell and Pember (27) carried on a comprehensive search for the cause 
of the different behaviour of rye and barley grown on soils from plots continu¬ 
ously receiving ammonium sulfate. Different inorganic substances have been 
subjected to experiment to discover the most active factor and the condusion 
reaped was that aluminum is the element responsible for the depression of 
the growth of barley. 

After reviewing the different theories concerning the nature and cause of 
soil acidity Ames and Schollenberger (3) expressed the following opinion: 
**The theory of the existence of silidc or alumina-silidc adds in the soil would 
serve as a complete explanation for all the observed phenomena; the concep¬ 
tion is simple and is supported by analogy with bettter known reactions which 
is as much as can be said for any of the theories which have been offered.” 

The work of Abbott, Conner and Smalley, Ruprecht and Morse, and of 
Hartwell and Pember,‘however, has opened up new possibilities by which the 
nature and causes of soil addity could be studied further. With the hope that 
more light might be thrown upon aluminum as a factor in soil addity the pres¬ 
ent work has been undertaken, bearing in mind three facts. First, aluminum 
salts are highly toxic at a certain concentration; second, aluminum is abund¬ 
ant in the soil, being next to oxygen and silicon; and third, plants absorb bases 
and caldum carbonate is leached out of the soil resulting in the depletion of 
the soil of this conqiound and enabling the aluminum in the soil to act as a 
base. 


m. ALUiaNUlC IN AGRICULTURE 

Aluniinu9| i^iuniversally known as a non-essential element to plants. Hy- 
dfatad silicates and oxides of aluminum, however, are believed to exetciae 
gnit influence in holding some of the plant-food elements in the soil, prevent- 
loss in drainage water. Aside from this, aluminum has no eoonoiiik 
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value in agriculture. As stimulants or as fertilisers very little is known of 
alu min u m compounds and the few scattered experiments on this subject are 
incomidete auid inconclusive. On the other hand, aluminum has been found 
extrerndy toxic to plants. Since aluminum is abundant in the soil and under 
certain conditions becomes harmful to plants, as in the case of some add soils, 
it is in this fact that aluminum will prove of great importance to the agricul¬ 
turist. 

Aluminum in plants 

Although aluminum is not an essential element, ai^yses of ashes show that 
it is taken up by plants. It is, however, present in small amounts in most 
plants. Pfeffer (50) speaks of the abundance of aluminum in Lycopodium 
chamaecyparissus and L, alpinum, where it constitutes from 22 to T! per cent 
of the ash, while in certain spede6 of Lycopodium only traces are found. John¬ 
son (37) states that aluminum is found in small amounts in the ashes of agri¬ 
cultural plants, but added that it is not clear whether it is an ingredient of the 
plants or due to partides of clay adhering to plants. Rbbinson, Steinkoenig 
and Miller (57) report analyses of legumes, vetetables, grasses, trees, shrubs, 
and show that aluminum is found in all the plants analyzed. The form in 
which aluminum is present in the pdant is not known. According to Berzelius, 
aluminum as alumina is united wi^ tartaric add, and according the Ritthausen 
with malic add [quoted by Johnson (37)]. Pfeffer (SO), however, is not certain 
whether aluminum in Lycopodium is present in the form ctf tartrate. In a 
study of the aluminum contents of certain vegetables induding com and corn 
products, hominy, oatmeal, carrots and white and sw^ot potatoes, Meyers 
(44) found that duminum in these vegetables is found in a soluble form, and 
averred that a rdatively large consumption of aluminum may result from a 
^et consisting chiefly of vegetables. 

Physiological action of aluminum on plants. According to Jost (38) Jamano 
found aluminum to be of service in the development of barley. This is m 
conflict with the results of Hartwdl and Pember (27), in which they show that 
the depression of the growth of barley in an add soil is due to Uic presence of 
aluminum. Maze (43) also asserts that aluminum is necessary for the best 
growth of maize. Experimental evidences, however, point to the fact that 
aluminum is not only a nop-essential dement but it is also very harmful to 
plants under certain ^nditiono. 

Fluri (18) describes certain experiments carried out on Spirogyra, Elodea, 
and Lemara with sulfate, nitrate, chlorate and bichromate of aluminum. He 
found that in light, production of starch is reduced, but also found that while 
asdmilation was checked it was not inhibited. The aluminum found in the 
cell was mi^ii and the action could not then be attributed to a chemical reac¬ 
tion, But as starch production was affected it was thought that the action oi 
aluminum was on the diastase. 

Hebert (29) made some germination tests of peas, wheat and rape with 
sulfates of aluminum and other metals and found that the salts were strongly 
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poisoQOQd. Varvaio (79) also rqK>rts that aiummum oxide, like the oxides>Qf 
maagaaese, iron, uranitam,. cerium, ccqaper, sine, cadmium, merctuy and lead 
has a retarding effect on tte germination of kidney beans, but has an accelerat* 
ing effect in the case of com. Expttimenting on the effect of different alumi« 
num salts on the germination of wheat, Micheels and DeEeen (45) found that 
while kaloin and alumina were somewhat beneficial, the salts were very 
harmful. 

In investigating the effect of different salts of aluminum on the growth of 
Zea mays, Vicia faba, Leus esadenta and BdiarUkus annuus Kratzmann (39) 
found that the growth was hindered by the salts when the concentration was 
0.005 per cent, but stimulated when the concentration was only 0.0001 per cent. 
Aluminun) nitrate showed a toxic effect. In this connection, significant is the 
statement of House and Gies (35) that the toxicity of aluminum salts depends 
upon the concentration of the solution. Yamano (84) found that moderate 
amounts of aiummum salts have a stimulating effect upon the development of 
barley and fiax. He further found that in water culture 0.2 per cent of alum 
proved injurious after three weeks while 0.8 per cent killed the plant in a few 
days. Miyake (46) also found that the aluminum chloride is toxic even in 
dilute solution. The toxicity appeared when the concentration was greater 
than 0.000133. It was further found that the toxicity of aluminum chloride 
was approximately equal to that of hydrochloric acid of the same normality. 
Under the supervision of Professor C. F. Hottes of the Department of Plant 
Physiology, the author carried on some experiments on the toxicity of alumi¬ 
num sulfate to barley. Solutions of 0.01 N, 0.001 N, 0.0001 N, and 0.00005 
N were prepared, and barley seedlings were grown in them. The author 
found that the average growth of 10 plants for 7 days was 70.5 mm. in the 
control; 45.5 mm. in 0,01 N] 65 mm. in 0.001 iV; 71.5 mm. in 0.0001 N and 78.9 
mm. in 0.00005 N. It is thus seen that 0.01 N is highly toxic; 0.001 N depresses 
growth; and 0.0001 N has no effect at all. In 0.00005 N stimulating effect 
was noted. It was furfiier observed that the seedlings growing the first two 
dilutions had root systems more than three times as greatly depressed as those 
growing in the control or in any of the twq weaker solutions. The limit of 
toxicity lies probably between 0.0001 N and 0.001 N. 

Other investigators who have proved the toxicity of aluminum salts are 
Abbott, Conner and Smalley; Ruprecht and Morse; and Hartwell and Pember, 
whose works have been already mentioned in the preceding discussion. It may 
be said, however, that 4t was not until the work of these men appeared that 
the toxicity of aluminum salts has been linked with the soil as a contributing 
factor in soil acidity. 

Aluminum salts as stimulants and fertilisers 

Experiments have been made to ascertain the value of aluminum salts as 
catklyzers or stimulants. Pfeiffer and Blanck (51) found that small amounts 
of alittninum sulfate combined with a small portion of manganese sulfate 
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caused an.inaea8e in the yield of dry substance in the grain, but an increase 
of the salt reduced the yield. Stokl^ (68) reports results from experi¬ 
ments on catalytic fertilizers for sugar beets. He showed that a combined 
application of 9 kgm. (19.8 lbs.) of manganese and 4.48 kgm. (9.8 lbs.) of 
aluminum sulfate per hectare has increased the yield of sugar beets from 30 to 
SO per cent. He is of the opinion that aluminum, like manganese, adne, and 
copper, is a catalytic agent, performing a function in the assimilation of car¬ 
bon by promoting rapid photosynthesis. BouUanger (9) made a comparative 
study of the catalytic value of the sulfates of aluminiun, manganese, ferrous iron 
and uranium, and found that while the results obtained were not uniform, in 
the majority of cases they increased the yield. In the case of aluminum ni¬ 
trate, however, the experience of Munerate, Mezzadroli and Zapparole (47) 
was different. They carried on a comparative test of the stimulating value 
of aluminum nitrate and sulfate together with the sulfate, chloride, dioxide 
and carbonate of manganese, boric acid, borate of soda and sulfate of uranium. 
The results showed that the lowest 3 deld of sugar beets was obtained in the 
plot which received 100 kgm. (220 lbs.) per hectare of aluminum nitrate. 

An attempt has been made also to find the effect on the productivity of the 
soil by the application of aluminum silicates. Voelcker (81) reports pot cul¬ 
ture experiments in which green manures were associated with alummum sili¬ 
cates, sodium silicates, kaolin, lime and magnesia. The results obtained 
showed that kaolin did not increase the yield of crops, but aluminum silicates 
with mustard as a green manure caused a large increase in the crop. 

Finally, experiments have been carried out to determine the value of in¬ 
soluble aluminum phosphate as a source of phosphor ^ to the plants. Pri- 
anishnikov (52) describes sand culture experiments in which wheat, oats, bar¬ 
ley, peas and buckwheat were fertilized with aluminum phosphate alone and 
with calcium carbonate. The conclusion reached was that aluminum phos¬ 
phate is assimilated, and that calcium carbonate had no appreciable depressing 
effect on the assimilability of aluminum phosphate.* Baguley (4) reports a 
comparative test of orthophosphates of iron, calcium and aluminum on oats, 
peas and Swedish turnips grown on sand and chalk. The results obtained 
were better with iron ait aluminum phosphates than with calcium phosphate. 
Truog (74) also presents results of experiments carried out in the greenhouse 
with ten different kinds of plants manured with rock phosphate, precipitated 
calcium phosphate, axid phosphate of aluminum, iron and manganese. Ihe 
results obtained were summarized as follows: Contrary to the general belief 
that aluminum and iron phosphates are relatively unavailable to plants, nine 
of the ten plants tested made better growth’on aluminum phosphate than on 
calcium phosphate, and six better growth on iron (ferric) phosphate.” In 
another publication (76) in which results from a more comprehensive series of 
experiments on phosphate involving a large number of plants, were presented, 
he draws this conclusion: ‘Trecipitated ferric and aluminum pho^Aates pro¬ 
duced with a few exceptions good growth and in a few cases even better growth 
than the add phosphate.” 
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Ahmhmrn in the sett 

Altsminum is the most widdy scattered metal (53) and next to os^gen and 
dlkon is the most abundant dement. It constitutes 7.85 per cent of t^ litho¬ 
sphere and 7.30 per cent of the lithosphere and atmosphere combined (12), It 
does not occur in nature in the free state, but in combination with oxygen, the 
alkalies, flourine, silicon, the adds, etc., it forms minerals and rocks which 
on disintegration become the bases of soils and cla 3 rs. Aluminiun is present in 
the soil as the oxide, hydroxide, hydrated oxides, phosphate and silicates (64). 
In order to give some idea as to the amount of aluminum present in the soil, 
anal 3 r 8 es of some soils in America are given in table 1. 

TABLE 2 


Chemical analyses ef some American soils 



ADOBE 601L8 

COASTAL 

PLAINS 

PROVDfCB 

LIME- 

BTora 

VAUST 

AND 

UPLAND 

PBOVDfCS 

PHD* 

MONT 

PLATEAU 

PIOVINCE 

GBEAT 

PLAINS 

PEOVnfCX 

GLACIAL 

AND 

LOESStAL 

PBOVINCB 

BXVEE 

FLOCn> 

PLAINS 

PEOYINCB 

A 

B 

No. 1 

No. 3 

No 15 

(1) 

(5) 

(W) 


per ant 

percent 

percent 

percent 

percent 



per cent 

SiO,. 

19.24 

66.69 

94 50 

79.25 

66 49 


76.81 

93.29 

AliO,. 

3 26 

14 16 

2.07 

8.89 

17.11 

9.68 

9.73 

2.45 

FgO,. 

1.09 

4.38 

0.83 

4.44 

7.43 

2.72 

3.26 

0.78 

MnO. 

Trace 

0.09 

0 007 

0.07 

0.51 

0.036 

0.068 

0.066 

MgO. 

2.75 

1.28 

0.09 

0.33 

0.31 

0.72 

0.60 

0.01 

CaO. 

38.94 

2.49 

0.39 

0 63 

0.36 

0.94 

0.92 

0.15 

Na*0. 

Trace 

0.67 

0.11 

0.24 


2.02 

1.74 


. 

Trace 

1.21 

0.10 

0.67 


2.31 


0 45 

HiO. 

1.67 

4.94 







PA . 

0 23 

0.29 

0 06 

0.18 

0.17 

0.11 


0.06 

COt . 

29.57 

0.77 







Organic matter. 

2.96 

2.00 

1.13 

1.96 

1.26 




SO,. 

0.53 

0.41 

0.07 

0.13 

0.07 

0.07 

0.11 

0.10 

a. 

0.11 

0.34 







LoMon ignition. 



1.74 


8.06 

2.28 

4.09 

2.12 


The first two columns are adopted from Clarke (12), the next three from Rob¬ 
inson (55) and the last three from Robinson, Steinkoenig and Fry (56). The 
soil indicated A, is from Salt Lake City, Utah; B is from Santa Fe, New Mexi- 
ico; No. 1 is Norfolk sandy loam, 3 miles southwest of Laurinburg, North 
Carolina, depth 0 to 14 inches; No. 2 is Decatur day loam, 1 mile east of Holly¬ 
wood, Alabi^, depth 0 to 4 inches; No. 15 is Cec^ day 2} miles northwest of 
Charlotte, Nordi Carolina, dqpth 0 to 6 inches; (1) is Colorado sand near Gree- 
ItYf Colorado, dl^th 0 to 14 inches; (5) is Rnox silt loam, 2 nules north of Far¬ 
ley^ h£bsouri, d^th 0 to 14 inches; and (13) is Cahaba very fine sandy loam, 
Mi^en, Louisiana, d^th 0 to 12 indies. For further details about these 
sdls the reader is rderred to the publications of these men. 
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By recalculation the total aluminum in these soils per acre of 2,000,000 
pounds of surface soil amounts to 34,576 pounds for Salt Lake City adobe; 
151,181 pounds for Santa Fe adobe; 21,954 pounds for Norfolk sandy loam, 
Carolina; 94,237 poundsforDecatur clay loam, Alabama; 181,469 pounds 
for Cedi clay. North Carolina; 102,666 pounds for Colorado sand; 103,196 
pounds for Knox silt loam, Missouri; and 25,985 pounds for Cahaba very fine 
sandy loam, Louisiana. 

Burd (10) also reports total analyses of certain silty day loam and fine sandy 
loam soils in California in which, for example, one dlty loam soil and one fine 
sandy loam soil contain 14.03 per cent and 16.73 per cent alumina, or 148,802 
pounds and 177,438 pounds aluminum per acre, respectivdy. 

Aluminum in the subsoil. Analyses of the subsoils of soils given in the pre¬ 
ceding table show larger quantities of aluminum. For example, the subsoil 
of Decatur clay loam contains 3 per cent more alumina than the surface soil. 
In every one of the ten subsoils analyzed by Robinson (55) alumina is higher 
than in the surface. 

I 

TABLE 2 


Alumina in soil separates 


SEPAKATES 

HEAVY I.OAM 

LOAHY MBfin 

son. 

COABSEIAMUY 

ONBlMSOa 

Coarse dust, 0.25 to 0.01 mm 

Medium dust, 0.01 to 0.005 mm 

Fine dust, 0.005 to 0.0015 mm 
^‘Gay” (^hlamm), 0.0015 to 0 mm 

percent 

1 63 
15.20 
20.48 

27 76 

percent 

1 28 
14.20 
19.41 
29.97 

Percent 

18.71 

24.20 

30.21 
32.42 


Distfihuiion of oluminum in the soil sepatoles. There have been a few at- 
tempts to determine the distribution of the chemical consUtuents of the soil 
in the different soU separates. Puchner, quoted by Failyer, Smith and Wade 
(17), presents data of chemical analyses for separates of three types of soil. 
The percentage of alumina found is given in table 2. 

Steinkoenig (66) also reports determination of certain constituente of sepa¬ 
rates of ten loam soiL Iiom New York, North Carolina, Pennsylvania, South 
Carolina, Virginia, New Hampshire and Wisconsin. The average alumina 
found in the separates of these soils, together with the maximum and minimum 
is given below: 



turn SAND 

OOAMB ttLT 

tom RLT AMO 
ram obAY 


percent 

5.48 

12.56 

0.40 

percent 

8.44 

18.28 

1.48 

Percent 

22.57 

31.33 

16.76 
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Tmn the data above it can be seen that the largest quantity of alumbuim 
is found in the finest partides of the soil and that the quantity di minis hes as 
the particles become coarser. It follows from this fact that the more clayey 
the soil is the higher is the aluminum content, and this seems to be the case if 
the Cedi day is taken as proof. 

The atumifum compound in the soU that gives rise to soluble aluminum salts. 
Mention has been made before that aluminum is present in the soil as oxide, 
hydrated oxides, hydroxides, phosphates and silicates. But which of these 
compounds breaks up so readily in the soil to form soluble salts that proved 
injurious to crops in some soils, as has been found by Abbott, Conner and Smal¬ 
ley, and Rupredit and Morse? We naturally look upon hydroxides. There 
are three forms of aluminum hydroxides recognized: Diaspore—AIAH 2 O, 
bauxite—AlA 2HiO, and gibbsite, otherwise called hydrar-gillite or oxyhy- 
drates, AlA 3 H 2 O (53). Do these three forms behave chemically the same with 
mineral adds? Dia^re and bauxite are insoluble in cold and hot water and 
in acids and alkalies, but gibbsite, while not soluble in cold and hot water, is 
soluble in acid and alkalies (48). Moreover, the so-called aluminum salts, 
aluminum nitrate, Al 208 (N 02 ) 8 , aluminum acetate, Al 208 (C 2 H 80 ) 6 , aluminum 
sulfates, Al 208 (S 02 )t, and aluminum phosphate Al 206 (P 04 ) 2 -^re chemically 
considered as derivatives of the oxyhydrates (53). Gibbsite, therefore, an¬ 
swers the first question, and the next question that comes up is, whether 
gibbsite is present in the soils of America. 

LaierUization in northern climates. In the decomposition of rocks an insolu¬ 
ble residue made up mainly of silica, alumina and ferric oxide, and combined 
with water, is left over, When kaolinite is the predominant constituent of the 
residue it is called clay, but when hydrates of alumina and iron predominate the 
residue is called laterite. Hence, the process of rock decomposition in which 
kaolinite is the end product is called kaolinization and that process in which 
hydrates of alumina and limonite are the ultimate products is called lateritiza- 
tion (15). In regard to the latter process Clarke (12) says, “In the tropical 
and subtropical regions the processes of rock decay are often carried further 
than is usually the case within the temperate zones. The leaching is more 
complete, the silicates are more thoroughly decomposed, and the residues are 
richer in hydroxides.” 

There is a general opinion among geologists that kaolinization is character¬ 
istic of rock decomposition in northern climates while lateritization is charac¬ 
teristic of that in tropical and subtropical regions. For this reason there is a 
diversity of opinion as to the occurrence of aluminum hydrates in the soils of 
America. Cameron and Bell (11) for example, state that “either gibbsite or 
bauxite is but seldom found in soil,” and that in the examination of several 
thousand soils from ^1 over the United States, in only one soil, that which 
comes from southern California, was aluminum hydroxide observed. Lmd- 
gren (4Q) is also of the opinion that little or no aluminum hydroxide is formed 
in ordinary rock weathering, and that the occurrence of bauxite is a rarity in 
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the tempemte climate. On the other hand, Edwards (15) by recalculating 
analytical data for clays from different states, shows that bauxite exists in 21 
states besides those in which the mineral exists in deposits of commercial value. 
In regard to the independence of bauxite as a mineral species Lindgren (40) 
says, *^The independence of bauxite as a mineral species, is, however, ques* 
tioned and it is believed rather to be a mixture of diaspora and gibbsite. The 
Georgia bauxite according to T. L. Watson corresponds well to gibbsite.” 
Hilgard (30) found a high ratio of alumina to soluble silica in some of the soils 
he exanuned, and could not attribute it to other than the presence of hydrous 
alumina, possibly gibbsite. Beyer and Williams (7) reporting the analyses of 
flint Are clays from Missouri and New Jersey, also found a higher ratio of alum¬ 
ina to silica than that found in kaolinite but attributed it to the presence of a 
more highly aluminous silicate which he called pholerite. In the reported anal¬ 
yses of ball and flint days from Missouri and of fire days from Pennsylvania, 
Rolfe (58), again, found a high proportion of alumina to silica, and attributed 
this to the presence in the clays of gibbsite or other minerals high in alumina. 
Ries (54) bdieves that there is the possibility that in kalolins high in aluminum 
bauxite or gibbsite might be present. Finally, Galpin (21) in the study of 
flint clays and their associates encountered highly aluminous fire clays from 
near St. Louis, Missouri, and proves that the excess of alumina to silica is due 
to the presence of gibbsite. 

The author does not pretend to show that aluminum hydrates are of common 
occurrence in the soils in America, but with the evidence gathered from the 
works of the men mentioned above he can not help reaching the condusion that 
in some soils in the United States hydrates of alumina are present, and that 
in the case of soils where suffidenl amounts of soluble salts of aluminum are 
found to be harmful to crops, the aluminum compound furnishing the alumi¬ 
num is gibbsite, and until further investigations prove the contrary the author 
wUl hold to this view. 


IV. EXPERIMENTAL 

The problem 

The work r^rted in this paper has been undertaken with the view of gain¬ 
ing some information on the following questions: 

1 . Aluminum is found in the soil in abundance and in conditions of varying 
stability. When an add soil is extracted with potassium nitrate solution 
aluminum is brought into solution and is largely responsible for the add reac¬ 
tion of the extract. Is not the addity of the so-called add soil due to the 
presence of active aliuninum in the soil? 

2. Sweet dover does not grow on a strongly add soil while other jflanis have 
their growth depressed. Since aluminum salts have been found highly toxic 
even in dilute solutions, is not this behavior a reaction to the toxidty of soluble 
salts of aluminum in the soil? 
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3. Wban add soils ait tteated with Hiwaitone according to the potaasiutn 
ttitmte method, sweet dover thrives well Does not caldum carbonate dim* 
inate the toridty of altiminum? And if so, how does it act? 

4 Docs add phoqdiate increase the aridity of an add soli? 

5* If the aridity of the soil is due to the presence of active aluminum, what 
effects have soluble salts of aluminum on sweet dover grown in sand? What 
effect has aluminum salts on sweet dover in the presence of caldum carbonate, 
or add phosphate? 

General plan of the work 

Based on the forq;oing prc^sitions, plans have been carried out: 

1. To study the potassium nitrate extract of an add soil before and after 
the application of limestone. 

2. (a) To leach out a considerable quantity of add soils with potassium ni¬ 
trate and with water until the last 125 cc. of leachings no longer mdicate arid¬ 
ity, and to grow crops on it. 

(b) To analyse the leached out soils for aluminum, iron and manganese. 

3. (a) To grow crops on add soils, treated with limestone and add phos¬ 
phate, alone and in combination with each other, and in different amounts. 

(b) To set aside a similar series as above, giving the same treatment 
except the growing of aops, for addity determinations in two different periods. 

4. To grow crops on sand treated with aluminum sulfate, aluminum chlor¬ 
ide and aluminum nitrate and aluminum hydroxide, alone and in combination 
with caldum carbonate or with add phosphate. 

Description of the material used 

Three types of soil have been secured from southern Illinois for this work. 
They are —gray silt loam, on tight day of the lower Illinoisan glaciation area; 
yellow gray silt loam, an upland timber soil; and yellow silt loam from the 
unglaciated areas. All the soils were add to the blue litmus paper test. The 
physical composition of these soils is given in table 3. The Bureau of SoiVs 
method and grades of mechanical separation have been adopted in this analy¬ 
sis (42). Some of the chemical constituents of the soils are given also in col¬ 
umn 2, table 4. Except for aluminum, iron and manganese, the methods of 
chemical analysis used were those of the University of Illinois Agricultural 
Experiment Station. Aluminum, iron and manganese were determined by a 
combination of some of Hillebrand’s procedures and of some in Treadwdl’s 
Qualitative Analyses.” The sample was fused with sodium bicarbonate, 
and the subsequent steps as directed in Hillebrand’s methods, were followed 
up to the point of predpitating aluminum and iron. The ammonium persul¬ 
fate methi^ waa adopts at this point to predpitate the manganese together 
with aluminum and iron (31). Manganese was then separated from aluminum 
and iron by the barium carbonate method and determined as manganese 
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P 3 rr(^ha^>hat 6 as directed in Treadwdl’s process (73)* Aluminum was sepa¬ 
rated from iron by the potassium hydroxide procedure and both were weighed 
as oxides, also according to the direction of Treadwell. 

Gray siU loam. This is a surface soil taken from the border of one of the 
control plots of the experimental fdids at Newton, Jasper County. It con¬ 
tains 98*24 per cent dry matter. The reaction as tested in the laboratory is 
apid, and the acidity or lime requirements according to the Hopkins method 
is 2125 pounds of limestone of 93 ^r cent purity, per acre (2,000,000 pounds 
of soil 6} inches). The amounts m essential plant-food elements found are: 
nitrate-nitrogen 26 pounds per acre; total nitrogen 2900 pounds; phosphorus 
1104 pounds; potassium 25,130 pounds; calcium 4510 pounds; magnesium 4520 
pounds; and iron 47,800 pounds. Besides these the soil contains 840 pounds 
of manganese and 121,000 pounds of aluminum per acre. 

TABLE 3 

Physical analysis of the soil (grades of Bureau of Soils) 


am Of 

PAkTICUCS 


yfeLLOW CtAY 
81LT 



Moisture. 

Pine gravel. 

Coarse sand. 

Medium sand. 

Fine sand. 

Very fine sand . . 

sat. 

Clay (by difference). 


Yellow gray silt loam. This was taken from the farm of Joseph Quiz tell at 
Carmi, White County, Illinois. It contains 98.64 per cent of dry matter. 
The reaction is acid and the lime requirements amount to 2814 pounds of lime¬ 
stone per acre. The esiential plant-food elements found amount to 36 pounds 
of nitrate nitrogen per acre; 1370 pounds of total nitrogen; 693 pounds of 
phosphorus; 35,800 pounds of potassium; 3920 pounds of calcium; 4180 pounds 
of magnesium; and 74,200 pounds of iron. The manganese and aluminum 
found amount to 786 pounds and 151,000 pounds, respectively. 

Yellmv silt loam. This was taken near Vienna, Johnson County. It con¬ 
tains 98.39 per cent of dry matter. The reactioi!^ is acid and the lime require¬ 
ment amounts to 2921 pounds per acre. The essential plant-food elements 
run up to 60 pounds of nitrate-nitrogen per acre; 1966 pounds of total nittwgen; 
691 .pounds of phosphorus; 29,000 pounds of potassium; 7850 pounds of cal¬ 
cium; 5330 pounds of magnesium and 74,200 pounds of iron. Manganese and 
aluminum reached 660 pounds and 14,900 pounds per acre, respectively. 








TABLE 4 


»«i—. 


axtBAcne wnn KNOi 

mtxaAcna inm HiO 

DiyauUKr. 

98 J4 per ceat 

98.18 per oeat 

98.28 per cent 


PoeaAper 

P.pja. 

Percent 

extracted 

P.p.m. 

Percent 

extracted 

Acidity... 

988 

2,125 

30 

96.96 

925 

1001 

Aluminum. 


121,000 

33,400 

44.79 

49,800 


Caldum. 

2,255 

4,510 

2,225 

1.53 

2,253 


Iron. 

23,900 

47,800 

18,300 

23.85 

22,100 

7.53 

Magnesium. 

2,260 

4,520 

^ 2,250 

0.43 

2.259 


Manganese. 

420 

840 


4.76 

415 


Nitrate-nitrogen. 

13 

26 

29 

22.69* 

11 

■S3 

Nitrogen. 

1,450 

2,900 

1,451 

_4 

1,450 

■9 

Phoqdiorus. 

550 

1,104 

481 

12.54 

549 


Pota^um. 

12,560 

25,130 

40,140 

28.95 

12,420 

1.11 


Ydlaw gray silt loam 


DrrxaiainED. 

OUGIMAX. 



Dry matter. 

96.64 per cent 

99.03 per cent 

98.93 per cent 



Poondf per 


Per cent 


Percent 



acre 

Jr.p.m. 

extracted 


extracted 

Acidity. 

1,358 

2,813 

11 

99.93 

1,260 

7.21 

Aluminum. 

mrkiKi'Jjm 

151,200 


‘ 59.93 

58,900 

24.73 

Calcium. 

1,960 



0.51 

1,958 

-.4 

Iron. 


40,300 

16,700 ' 

14 44 

19,600 

2.48 

Magnesium. 

2,095 


2,090 

_4 

2,090 

-4 

Manganese. 

393 

786 

391 

3 03 

389 

1.02 

Nitrate-nitrogen. 

18 

36 

40 

55.00* 

15 

16.66 

Nitrogen. 

685. 


690 

_4 

689 


Phosphorus. 

336 

693 

275 

18.15* 

335 

_4 

Potassium. 




25.72 

17,880 

0.11 


Yellow silt loam 


Dxtekmined. 

OXIOXNAX. 

xxntACTxa with KNOi 

KXTKACXXD WZXB HsO 

Dry matter. 

98.39 per cent 

98.84 per cent 

98.39 per cent 



Poundi per 


Per cent 


Percent 


,p.m. 

acre 


extracted 


extracted 

Acidity. . .. 

1,318 

2,921 

28 

97.93 

1,155 

13.36 

Aluminum. 

74,700 

149,400 

36,900 

50.61 

58,600 

21.55 

Calcium. 

3,425 

7,850 

3,400 



0.43 

Iron . 

37,100 

74,200 


21 01 

■BPSm 

8.62 

Magnesium . 

2,665 

5,330 

2,660 

_^4 

2,664 

-4 

Manganese . 

330 

660 

301 

8.79 

325 

1.51 

Nitrate-nitrogen. 

30 

60 

315 

90.47* 

23 

23.33 

Nitrogen . 

983 

1,966 

983 

—4 

981 

—4 

Plioi|d)oru8. 

346 

691 

292 

15.61 

339 

2.02 

Fptassittm . *. . 


29,000 

22,300 

28.57* 


0.69 


>C»C3<V 

* Umestone requirements 2,000,000 pounds of soil. 

* Increase. 

* Within the limits of probable error. 
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While a conaiderable amount of a calcium is present in these soi)S| qualita¬ 
tive tests for carbonates showed only traces, which indicate that these soils 
are deficient in calcium carbonate. K may be added further that while these 
soils are well provided with potassium, the phosphorus and nitrogen contents 
are rather low. On the other hand, the aluminum content is very hig^. 

Sweet clover (biennial variety) was the crq> used in this work for the reason 
that it does not thrive in strongly acid soils, and will, therefore, respond more 
readily to soil treatment. Inoculated seeds were used in every case. 

The experiments were carried dbt in 1-gallon pots, each holding about 5 
kgm. (11 pounds) of soil. 

Experiment /. Effect of aluminum salts^ alone and in combination with calcium 
carbonate or with acid phosphate on sweet clover grown in sand 

Three salts, aluminum sulfate, aluminum chloride and aluminum nitrate, 
and one hydroxide, aluminum monohydroxide, were used. When applied 
alone the chemicals were used in three different amounts, one, for the sake of 
convenience, is called normal application, the second, one-fifth the normal, and 
the third, five times the normal application. The basis for the normal appli¬ 
cation is the acidity or lime requirement of the yellow silt loam, which is 2921 
pounds limestone per aae, or 6.79 gm. calcium carbonate per 5 kgm. of soil. 
In other words, the normal application is the chemical equivalent of the salts 
to 6.79 gm, of calcium carbonate. In combination with calcium carbonate or 
with add phosphate the salts remained constant while caldum carbonate and 
add phosphate were applied in three different amounts, normal, one-fifth nor¬ 
mal and five times normal. The normal application of calcium carbonate is 
the lime requirement of the soil and that of acid phosphate the chemical 
equivalent to the normal application of the salts. For the sake of brevity, 
hereafter throughout the discussion, we will refer to these three different 
amounts as the normal, the minimum, and the maximum application. 

The chemicals were thoroughly incorporated in the sand, and seeds of 
sweet dover were sown. In order to insure a sufficient number of good seed¬ 
lings the seeds were sown rather freely, but as the plants grew they were grad¬ 
ually thinned out until finally only five plants were left in each pot. The 
plant-food solutions were prepared and applied as directed in Hopkins and 
Pettit’s “Soil Fertility laboratory Manual” (34). Two crops have been 
grown in this series. The first was planted on July 17 and harvested Novem¬ 
ber 1, 1919; the second was planted on January 19, but because of some un¬ 
known causes the seedlings failed to attain a uniform stand, so the whole 
series was replanted on February 2. The crop was harvested on May 21. 
The yields for two crops are given in table 5. 

During the first crop several things were observed which led up immediaiely 
to the setting up of another series, and to the introduction of some modifica¬ 
tions in the treatment of the pots for the second crop. In the first place, it 
was noticed that on every pot receiving acid phosphate no plant would grow. 
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SteBt the application of add phosphate was rath^ heavy, 964 pounds to the 
aecoor 5J gm. per pot» it was thought that the failure of the {dants to grow 
lajgitt have been due to excessive amounts oi add phosphate present rather 
th iw to the presence of aluminum; accordingly a new series with add phos¬ 
phate alone, and in combination with caldum carbonate, was set up. This 
was designated as 600 series. The results of this series are shown in plate 6. 
It proved the supposition true that add phosphate in such amounts was in¬ 
jurious to seedlings. Even caldum carbonate in amounts sufhdent to neu¬ 
tralize the addity of the add phosphate did not prevent the harmful effect of 
acid phosphate. With this experience the application of add phosphate was 
reduced to from 100 to 400 pounds to the acre, in the second planting. 

TABLE 5 


Aluminum series (dry^weighl of five plants) 


ll 

i 

i 

P 


§ 

s 

E 

1 ^ 

1 


1 

1 

1 

P 

I 

1 

101 

gm. 

3.40« 

gm. 

9 73 

201 

gm. 

4.10 

301 





gm. 

11.11 

1 

gm 

8 51 

102 

0 00 

3 60 

202 

0 00 

302 

0.00 

1.85 

402 

8.74 

14.07 

412 

10 42 

103 

2.85 

8.20 

203 

0 00 

303 

1 40 

8 02 

403 

10 80 

12.29 

413 

0 00 

104 

0.00 

0 00 

204 

0 00 

304 

0.00 

0.00 

404 

3.67 

12 14 

414 

7 14 

m ) 

16 59 

13.06 

205 

17 15 

305 

11.99 

11 68 

405 

15.41 

13 24 

415 

9.16 

106 

1.65 

5 50 

206 

0 80 

306 

4.22 

5.38 

406 

13 13 

11.38 

416 

14 87 

107 

18.52 

10 04 

207 

16.07 

307 

16 17 

19.73 

407 

9.36 

9.74 

417 

14 03 

108 

0 00 

2 72 

208 

0.00 

308 

0 00 

2.55 

408 

0 00 

10 56 

418 

0 00 

109 

0.85 

2 02 

209 

0 00 

309 

4.00 

1 93 

409 

20 00 

11.68 

419 

9 72 

no 

O.OOj 

4 07 

210 j 

0 00 

310 

0 00 

6 56 

410 j 

0 00 

14.50 




^ Harvested at the age of 106 days 
‘ Average of 2 pots. 

* Harvested at the age of 108 days. 


The second observation made was on the showing of the plants in the con¬ 
trol pots of every series, except those of the aluminum monohydroxide series. 
The plants in these pots appeared to be suffering from lack of some dements. 
Since the plant-food solution applied to the pots did not contain caldum, it 
was thought that the plants in the controls might have been suffering from lack 
of calcium, in which case the results of the different treatments would not be 
comparable. Following this thought it was planned for the second crop to 
apply caldum silicate to each pot as a source of caldum, and in quantities 
having caldum equal to the amount contained in caldum carbonate applied 
as normal. 

The third observation made was on the aluminum monohydroxide series in 
which all pots except those receiving the maximum amount of aluminum mono¬ 
hydroxide, and add phosphate, show no effect of the presence of aluminum. 
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This compound, being insoluble, will produce no toxic effect, but it was thought 
that adding some substances which would yield adds on decomposition might 
change the aluminum hydroxide bto a soluble form of aluminum, thus throw¬ 
ing further light on the form of aluminum compounds in the soil that produce 
toddty* So it was planned for the next crop to introduce ammonium sulfate 
and dried blood in the series. Then the aluminum chloride smes was dropped 
out in order to give way to this plan. Following is the pdan of the experi¬ 
ments. Every treatment was carried out in duplicate. 

Plan or the ExpEaiicENT 
100 Series-^Aluminum sulfate^ Ali (S 04 )i 
7.75 gm., or 3100 lbs. to the acre Alt(S 04 )i - 6.79 gm. CaCO> 

5.3 gm., or 964 lbs. to the acre CaH 4 (P 04 )i " 7.75 gm. Al|(S 04 )i according to the 
following equation: « 

2A1i(S04)i + CaH 4 (P 04 )t » 2 AIPO 4 + CaSOi + 2H,S04 

101. Control—Plant-food only 

102. Plant-food + 7.75 gm. Al,( 804)1 

103. Plant-food + h or 1.55 gm. A]t(S 04 )i 

104. Plant-food -f 5 X 7.75 gm., or 38.75 gm. A 1 i(S 04 )j 

105. Plant-food *4- 7.75 gm. Alf(SO^t 4“ 6.79 gm. CaCOa 

106. Plant-food -f 7.75 gm. Ali(S 04 )i + h or 0.36 gm. CaCO, 

107. Plant-food 4* 7.75 gm. Alt(S 04 )i + 5 X, or 33.95 gm. CaCO, 

108. Plant-food + 7.75 gm. Ali(S 04 )i + 5.3 gm. CaH4(P04)s 

109. Plant-food + 7.75 gm. Ali(S04)i + i, or 1.06 gm. CaH4(P04)i 

110. Plant-food 4- 7.75 gm. Als(SOdt 4- 5 X, or 26.5 gm. CaH 4 (P 04 )i 

200 Series—Aluminum chloride, AlCl, 

6.04, or 2405 pounds to the acre AlCl, - 6.79 gm. CaCOi 

5.3 gm., or 964 pounds to the acre CalhCPO,)! — 6.04 gm. AlCla according to the fol¬ 
lowing equation: 

2 AICI 1 4- CaH4(P04)i - 2 AIPO 4 + CaCli 4 4HC1 

201. Control—Plant-food only 

202. Plant-food-I-6.04 gm. AlCli 

203. Plant-food -|- i, or 1.21 gm. AlCU 

204. Plant-food 4* 5 X, or 30.2 gm.AlCl, 

205. Plant-food 4- 6.04 gm. AlCli 4- 6.79 gm. CaCO, 

206. Plant-food 4- 6.04 gm. AlCU 4* h or 1.36 gm. CaCO, 

207. Plant-food 4* 6.04 gm. AlCli 4- 5 X, or 33.95 gm. CaCO* 

208. Plant-food -f 6.04 gm. AlCl* 4- 5.3 gm. CaH4(P04)s CaCO* 

209. Plant-food 4- 6^ gm. AlCl* 4- i, or 1.06 CaH4(P04)iCaC0a 

210. Plant-food 4- 6.04 gm. AlCl* 4- 5 X, or 26.5 CaHiCPOOiCaCO* 

300 Series—Aluminum nitral^ A!(NO*)i 

9,65 gm., or 3859 pounds to the acre AlCNOOii^HiO X 6.79 gm. CaCO* 

5.3 gm., or 964 pounds to the acre CaH 4 (PO«)t *■ 9.65 gm. Al(NOi)i according to the 
following equation: 

2 A1(NOi), 4- CaHiCPO*)! - 2 AIPO 4 4- CaNO* 4- 4HNO* 

301. Control-Plant-food only 

302. Flant-fbod -h 9.65 gm. Al(NOi)i 

303. Plant-food + i or 1.93 gm. Al(NO*)t 
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301 niiiUlood4'3X,«r46JS(itt.Al(Ni(Wi 

305. nutwood + 9.65 giB.Al(NOt)<-f 6.70 •u.CaCOi 

306. nutt4(Md + 9.65 0 n.Al(NOi)i-t^i,orlJ 6 gin.aCOk 

307. niiitrfood + 9.6Sgin.Al(NOb)( + SX,or33.95gm.C»COi 
30S. nMtt-food + 9.65gBi.Al(NOi)t + 5J|pt.QAi(9O0i 

309. FlMit«>od4-9.65giii.Al(NO0i+l,orl3)6gn.CaHi(FQi)f 

310. Hantdood + 9.65 gm. Al(NO|)i + 5 X, or 26.5 gm. CaH 4 (POii)i 

400 S»ri$t—Aluimnim Byirmtid*, Al(OH)i 

3 J gm., or 1399 pounds to the acre Al(OH)t - 6.79 gm. CaCOi 
7.8 gm. CaH4(90<)<, or 1418.5 pounds per acre, or 3.5 gm. Al(OH)t according to the 
following C()ui.tion: 

4 Al(OH), + 3 CaHdOPOd)* - 4 AlPOi + CuziVO^t + 12 H*0 
401. Control*Plant-food only 
402/ Plant-food + 3<5 gm. Al(OH)i 

403. Plant-food +1 or 0.7 gm. Al(OH)t 

404. Plant-food + 5 X, or 17.5 gm. A](OH)i 

405. Plant-food + 35gm.Al(OH),+ 6.79gm.CaCO. 

406. Plant-food + 3.5 gm.Al(OH)« + i or 1.36 gm.CaCOt 

407. Plant-food + 3.5 gm.Al(OH), +5 X, or 33.95 gm.CaCO, 

408. Plant-food + 3.5 gm.Al(OH), +7.8 gm.CaH«(PO«)i 

409. Plant-food + 3.5 gm. Al(OH)i + i or 1.5 gm. CaH«(P 04 )f 

410. Plant-food + 3 5 gm. AI(OH). + 5 X, or 39.0 gm. CaH6(Pa)i 

600 Series^-Acid phosphakf CaHiCPOi)! 

601. Control—^Plant-food only 

602. Plant-food + 5.3 gm. CaH 4 (P 04 )t 

603. Plant-food + or 1.06 gm. CaH 4 (PO«)t 

604. Plant-food + 5 X, or 26.5 gm.CaH«(P04)t 

605. Plant-food + 5.3 gm. CaHiCPOOt + 6.79 gm. CaCOi 

606. Plant-food + 5.3 gm. CaHiCPQOt + if or 1.36 gm. CaCOi 

607. Plant-food + 5.3 gm.CaH 4 (P 04 )t +5 Xf or 33.95 gm. CaCOi 

PLAN POX SECOND CROP 

100 Sertes» The same as before with the addition of 7.9 gm. CaSiOi to each pot and 
the reduction of the add phosphate applicadon to from 100 to 400 pounds to the acre, or 
from 350 mgm. to 1.00 gm. per pot 

300 Serus, The same plan as before with the same modification noted in the 100 series. 
400 Seriss. Up to 410, indusive, the same plan as before with the same modification as 
noted in the 100 series. 

From 411 to 424 the following arrangement has been followed: 

From 411 to 417, indudve, 4.4 gm. (NH«)fSO( baa been added according to the following 
reaction* 

(NH<)«S 04 ^ 2HNOi plus HiSO« 
but3HNOk-»A](OH}i 
and3HtSQi-4 2Al(OH)i 
or 132 gm. (KHOsSOi -> 104 Al(OH)i 
/. 34 in. Al(OBh » 4.4 gm. (NH«)tSO« 

From 41S to 424, induslve, 13.33 gm. of dried blood has been added, according to the 
oBowing reaction* The dried blood used contained 14 per cent N, or 17 gm. NH|. 
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H sU smmonit produced ii nitrified, 2 HNOi !• produced. 

ButHNOi«-Al(OH)i 

139 gm. HNOi « 78 gm. Al(OH)i 
3.5 gm. Al(OH)i » 8.4 gm. HKOs, or 13.33 gm. dried blood 

411. Plant-food -f 3.5 gm. AI(OH)« + 4.4 gm. + 7.9 gm. CaSiOi 

412. Want-food + 3.5 gm. Al(OH)i + i or 0.88 gm. (NHJiSOi + 7.9 gm. CaSlQi 

413. Plant-food + 3.5 gm. Al(OH). -f 5 X»or 0.22 gm. (NH«)^« -|- 7.9 gm. CaSlOk 

414. Plant-food 17.5gm. Al(OH)i-|- 4.4 gm. (NH «)^4 + 7.9 gm. Ca^ 

415. Plant-food + 3.5 gm. Al(OH)» -f 4.4 gm. (NH 4 )iS 04 + 7.9 gm. Ca^ 

416. Plant-food -|- 3.5 gm. Al(OH)* -|- 4.4 gm. (NH 4 )iS 04 + 7.9 gm. CaSiO, 

417. Plant-food -f 3.5 gm. Al(OH), H- 4.4 gm. (NH 4 )iS 04 + 7.9 gm. CaSiQ, 

418. Want-food + 3.5 gm. Al(OH)i 13.33 gm. dried blood 

419. Plant-food + 3.5 gm. Al(OH)« -h i, or 2.66 gm. dried blood 

420. Plant-food -f- 3.5 gm. Al(0H)t 5 X, or 66.65 gm. dried blood 

421. Plant-food -f- 17.5gm. Ai(OH)i-l- 13.33gm. dried blood 

422. Want-food -f 3.5 gm. AUOH), +13.33 gm. dried blood 

423. Plant-food -|- 3.5 gm. Al(OH)> + 13.33 gm. dried blood 

424. Plant-food 3.5 gm. Al(OH). -f 13.33 gm. dried blood 

Results and discussion. The effect of aluminum salts, of aluminum hydrox¬ 
ide and of acid phosphate on the growth of sweet clover, is best shown in the 
photographs in plates 2, 3,4, 5 and 6. 

In the first crop in which no compoimd as a source of calcium was applied 
to the pots, aluminum sulfate proved to be injurious to sweet clover even in 
very small amounts. This may be seen in pots 102, 103 and 104 in which 
aluminum sulfate alone was applied. In pot 104, which received the maxi¬ 
mum application of the salt, absolutely no seed could germinate. Pot 106, 
receiving the normal application of aluminum sulfate and one-fifth the nor¬ 
mal application of calcium carbonate, shows that in small amounts calcium 
carbonate cannot correct the toxic effect of almninum. On the other hand, 
where calcium carbonate has been applied in larger amounts, normal and 
maximum, sweet clover exhibited enormous growth. In the case of pots re¬ 
ceiving aluminum sulfate and acid phosphate, those receiving 964 pounds and 
4820 pounds of add phosphate per acre failed to grow any crop 

What has been said about the effect of aluminiun sulfate on sweet dover 
can also be said for aluminum chloride and aluminum nitrate. But with 
aluminum hydroxide the result is different. The normal application of alumi¬ 
num hydroxide did not have any effect on sweet dover; the maximum, how¬ 
ever, caused some depression. It is also important to note that whereas in the 
combination of aluminum salts and the minimum add phosphate application, 
no sweet dover grew, but in that of the almninum hydroxide and minimum 
add phosphate no effect was shown. This proves that the failure of sweet 
dover to grow in pots 109,209 and 309 was due to the presence of alu m inu m 
rather thim that add phosphate. 

The results of the second cropping, in vdrich caldum silicate was added as 
a source of and the application of add phoi^hate has been reduced 

to from 100 to 400 pounds per acre, were different from those of the first crop. 
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Fiiiti die normal apfdkadon of aluminum sulfate did not show any toodc 
effect at all, while t^ maiimum application was always fatal to sweet clover. 
Second, in every case where takiuin carbonate was i^lied, no matter in what 
amount, good plants were growing, indicating that active aluminum has been 
put out of action. Add phosphate in decreased amounts seemed to help in 
reducing the injurious effect of aluminum sulfate. 

The results with al uminum nitrate were different from those noted in the 
case of sulfate. The normal application showed very toxic effects. While 
the maxjmiim application of caldum carbonate was beneficial to dover the 
normal application did not entirely eliminate the toxidty of aluminum ni¬ 
trate. The action of add phosphate in eliminating the toxidty of aluminum 
nitrate was much less pronounced than in the case of the sulfate. From this 
differenceof the behaviour of sweet dover on the two salts weareled tocondude 
that aluminum nitrate chemically equivalent to the addity of the soil is more 
toxic than aluminum sulfate. 

In the case of aluminum hydrodde, up to pot 419 with the exception of pots 
413 and 419, the stand of sweet dover was uniform. Even the maximum ap¬ 
plication did not produce any effect on the growth of the plants. Pot 413 
received 22 gm., the maximum application, of ammonium sulfate. The fact 
that sweet dover did not grow cannot be attributed to any cause but to an 
excessive amount of ammonium salt which, on breaking down, liberates 
ammonia that causes injury to the germinating seeds. Pot 418 received 13.33 
gm., the normal application, of dried blood. Pot 419 received 2.66 gm., the 
minimum application, of dried blood. And the fact that on the former noth¬ 
ing grew, while on the latter the crop was as good as that in any other pot in 
the series, can be attributed also to the excessive amount of dried blood which 
on decomposition produces ammonia that hinders the germination of seeds. 
A{^parently neither ammonium sulfate nor dried blood in smaller amounts was 
able to change aluminum hydroxide into other forms of aluminum which could 
produce the same effect as aluminum sulfate or nitrate. 

The effect of atuminum salts on sweet clover in the presence of calcium carbon¬ 
ate. In the series with aluminum sulfate, chloride and nitrate we have noted 
that in the presence of an excess of calcium carbonate the toxicity of the salts 
was overcome. Ruprecht and Morse (60) found this to be true also in their 
water-culture investigation with aluminum and iron sulfates in which, when¬ 
ever calcium carbonate was added in excess to the solution containing alumi¬ 
num and iron, the toxicity of these metals has been eliminated and good 
healthy plants grew in the solution, \yith this fact the question naturally 
arises as to what became of the aluminum. The most logical conclusion would 
be that aluminum had entered into combination with other elements forming 
an insoluble compqund. Ruprecht and Morse (60) suggested that aluminum 
was precipitated as hydroxide and as such had no effect on the plants grown in 
the sdution. The results of the test carried out in this work proved that 
almninum monohydroxide has no effect on sweet dover. But whether the 



ALUlOSmC AS A tACTOft W SOU, ACrntTY ITS 

ft 

hydradde precipitated by the intioductioii of caldum carbonate is the variety 
that does not dissolve in water, add and alkali, the author serioudy doubts. 
In fact, he is of the o^mon that the aluminum hydroxide predpitated by the 
introduction of caldum carbonate is like that formed when ammonia and so¬ 
dium or potassiuum hydroxide is added to a solution containing aluminum. 
This is aluminum trihydroxide, which is insoluble in water and would there¬ 
fore have no effect on the plants grown in solution. But this form of hydrox¬ 
ide is soluble even in dilute adds (53), and in sand or soil where chemical 
changes are constantly taking place this form of aluminum hydroxide will 
not remain long, for it will be converted into aluminum sulfate, chloride and 
nitrate as fast as free sulfuric, hydrochloric and nitric adds are produced in the 
soil and as long as the soil is not supplied with caldum or other suitable bases. 
For this reason the author looks into the formation of a more stable aluminum 
compound as an explanation for the elimination of active aluminum when cal¬ 
dum carbonate is added to sand or soil. He is of the opinion that as soon as 
caldum bicarbonate is formed by the action of carbonated water on caldum 
carbonate, the bicarbonate reacts with the aluminum salts forming caldum 
aluminate. The reaction may be written as follows: 

AUSOi)z + 3Ca(HCOs)a « Al 208 . 3 Ca 0 + CaSO* + 3 H 2 O. 6 CO 2 

Caldum aluminate is one of the constituents of portland cement and is a 
very stable compound. The formation of this compound seems to be the only 
satisfactory explanation for the ineffectiveness of aluminum as a toxic sub¬ 
stance in the presence of sufficient calcium carbonate 

The ejfect of aluminum salts on sweet clover in the presence of acid phosphate. 
Mention has been made before that the 964 pounds per acre application of 
add phosphate proved to be detrimental to sweet clover, and that the failure 
of the crop in the pots which received the normal and maximum application 
was brought about by the excess of add phosphate. But in the second crop 
where the acid phosphate was applied in reduced amounts from 100 to 400 
pounds per acre, the results showed that acid phosphate reduced the toxidty 
of aluminum. While the pots receiving the minimum and normal application 
in series 300 did not show any reduction of the toxidty of aluminum nitrate, 
the reduction of toxidty in t^ pot receiving 400 pounds of add phosphate 
per acre is very proroufic^, as indicated by the fairly good growth of the 
plants. Evidently the minimum and normal applications were not suffident 
to convert the larger portion of aluminum into an insoluble form. Now the 
question arises as to how add phosphate reduced the toxidty of aluminum. 
The answer is that with add phosphate, aluminum sulfate, chloride and ni¬ 
trate form an insoluble compound. In this case the compound is aluminum 
phosphate and is formed according to the following reaction: 

2Al(NOi)« + CaHiCPOOa * 2 AIPO 4 + Ca(NQi)i.4HNO» 
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Under 8oii oondi tums this reacikm is probaUy nev^ complete; neverdideflSy 
a great amotut of insduUe aluminum phosphate is formed. But thefreeni^ 
trie add fonned might also react with more aluminum, thus rq>eating the pro¬ 
cess until equilibrium is finally reached. Aluminum pho^hate is highly in- 
solttUeand Wheeler (82) thinks that in the case of add soUs it is desirable to 
apply Hme before or at the same time with add phosphate in order to prevent 
formation of aluminum phosphate which is even more insoluble than tricai- 
dum phosphate. 

Experment IL Effect of limestone and acid phosphate alone and in combination 
on the productivity and acidity of add soils 

Ten duplicate pots for each type of soil were filled with about 5 kgm. (11 
pounds) of soil, and treated according to the following plan: 

PLAN OF THE EXPEEnOCNT 

700 Series—Gray silt loam 

Addity - 4.94 gm. CaCOg per S kgm., or 5.3 gm. limestone of 93 per cent purity, or 
2125 pounds to the acre. 

701. Control (nothing) 

702. Soil 4- 5.3 gm. limestone 

703. Soil + i, or 1.0 gm. limestone 

704. Soil 4* 5 X, or 26.5 gm. limestone 

705. Soil 4- 5.8 gm. CaHgCPOOs " 1.05 tons to the acre 

706. Soil 4- i, or 1.16 gm. CaH4(P04)i « 0.21 tons to the acre 

707. Soil 4- 5 X, or 29 gm. CaH 4 (P 04 )s » 5.25 tons to the acre 

708. Soil + 5.8 gm. CaHgCPQOi *■ 5.3 gm. limestone 

709. Soil 4* 5.8 gm. CaH 4 (P 04 )t - i, or 1.06 gm. limestone 

710 Soil + 5.8 gm. CaHiCPOi)! 5 X, or 26.5 gm. limestone 

800 Series-—Yellow gray silt loam 

Acidity « 6.5 gm. CaCOg per 5 kgm, or 2813 pounds limestone to the acre 

801. Control 

802. Soil 4* 7.03 gm. limestone 

803. Soil 4* i, or 1.40 gm. limestone 

804. Soil + 5 X, or 35.15 gm. limestone 

805 Soil 4 7.6 gm. CaH 4 (F 04 )s 1*4 tons to the acre 

806 Soil 4 i, or 1.5 gm. CaHgCPOOt “ 0.28 tons to the acre 

807. Soil 4 5 X, or 38.0 gm. CaH 4 (P 04 )t * 6.00 tons to the acre 

808. SoU 4 7 6 gm. 4 7.03 gm. limestone 

809. Soil 4 7 6 gm. CaH 4 (PO^s 4 i, or 1.40 gm. limestone 

810. Soil 4 7.6 gm. 4 5 X, cur 35.15 gm. limestone 

900 Series-^YeUowsiU loom 

Acidity 4 6.79 gm. CaOOt per kgm., or 7.4 gm. limestone, or 2921 pounds limestone to 
the acre. 

901. Control 

902. Soil 4 7.3 gm. limestone 

903. Soil 4 i> or 1.46 gm. limestone 
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904. Soil S X, or 36.5 gm. limettoae 

905. Soil H- 7.6 gm. CaH 4 (P 04 )«» or 1.4 tom to the acre 

906. Soil + J, or 1.58 gm. ot 0.28 tom to the aoe 

907. Soil 4" 5 X, or 39 gm. CaH 4 (F 04 )tf or 6.00 tom to the acre 

908. Soil + 7.8 gm. CaH 4 (PQ«)i + 7.3 gm. limestooe 

909. Soil + 7.8 gm. CaH4(P04)i 4* i, or 1.46 gm. limestone 

910. Soil + 7.8 gm. CaHi^POOi + 5 X, or 36.5 gm. limestone 

Two crops have been harvested in these series. The first was planted on 
August 22,1919, and harvested November 30,1919, a period of only 100 days. 
Hie time of cropping could have been prolonged,l>ut when the crop was moved 
into the greenhouse, the red spider infested it so badly that it was thought best 
to cut the crop down in order to eradicate the red spider at once. The second 
crop was planted on January 16, 1920, and harvested May 21,1920, after a 
period of 125 days. The yidd of the crops is given in table 6. 

TABLE 6 


Soil series {dry weight of five plants) , 


OKAY 8ZLT 

YKLLOW OKAY ULT 

YKLLOW SILT 

Series 

number 

First crop* 

Second crop* 

Series 

number 

First crop 

Second crop 

Series 

number 

First crop 

Second 

crop 


gm. 

gm. 


gm 

gm. 


gm. 

gm. 

701 

0.542 

2 02 

801 

0 27 

0.40 

901 

0 52 

0.79 

702 

0 81 

2 77 

802 

0 68 

2.29 

902 

0.64 

1 26 

703 

0 70 

2 07 

803 

0 26 

0.26 

903 

0 52 

1.29 

704 

1 28 

5.35 

804 

0 97 

3.45 

904 

1.41 

2 11 

705 

0 87 

2.20 

805 

0.40 

0.60 

905 

0 75 

4.72 

706 

0 58 

1 62 

806 

0 23 

1.68 

906 

0.62 

1.38 

707 

1.12 

3 18 

807 

0 67 

1 48 

907 

1.21 

1.45 

708 

1.65 

5.88 

808 

0.71 

10 58 

908 

1.19 

4.67 

709 

0 76 

1.58 

809 

0 34 

1.80 

909 

0.71 

1.10 

710 

1,43 

7 42 

810 

1.45 

14 67 

910 

1 66 

6 49 


‘ Harvested at the age of 106 days. 

* Average of 2 pots. 

• Harvested at the age of 108 days. 


For each type of soil a corresponding set of treated pots was laid aside, 
without plants for acidity determination. Two determinations were made, 
the first on December 8,19l9, after a lapse of 108 days from the time the pots 
were set aside, and the second on February 16,1920, a period of 70 days after 
the first determination. Table 7 shows the results of these-determinations. 

Results and discussion. The effect of'lune and add phosphate on sweet 
dover grown on add soils can best be seen in the photographs in plates 6, 7, 
and 8. It can be seen that all the three types of soil respond to liming. The 
normal and tn^Timnm applications espec^y brought excellent results. The 
plants were healthy, vigorous and dark green. Limestone applied in amounts 
equal to one*filth of the lime requirement did not benefit the soil at all. The 
growth of the plants in this case was comparaMe to that of the control in which 
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TABLE 7 

AcidUy ditemlruiHoiUtof treated soils 



SAMPLED MCEMBBt 1 , 1919 

mill 

MUIIBEI 

i 

P.p.m. 

Acidity 
reduced 
after 108 

days 

Acidity 
above or 
below 
control 

Acidity 
reduced 
due to 
treatment 


MtnxD yzBRUAmy 16,1920 


P.p.ni. 

Acidity 
reduced 
after 178 

Acidity 
above or 
below 

Addfty 
reduced 
between 
dates of 
saaipUaf 

A^ity 
reduced 
due to 


days 

control 

treatment 


Gray silt loam. Original acidity~988 parts per million, or 2125 pounds of limestone per 


701 

M 


per cent 

per cent 

685 


percent 

per cent 

2.83 


mLjym 

■h 

83.29 

76.59 

54.63 

74 

92.51 

89.19 

55.15 



640 

35.22 

9.22 

6.56 

425 

56.98 

37 95 

33.59 


704 

26 

97.26 

96 31 

68 60 

Alkaline 

■fOSCj] 




705 

545 

44.83 

22.69 

16 17 

217 


68.32 

41.83 


706 

810 


12.96 


687 

30.46 


15.18 


707 

467 

52.85 

33.75 

24 19 

115 

88.35 

83.19 

75.37 


708 

106 

89 27 

84.96 

60 61 

Alkaline 

100 00 

■ilUl 

0.00 


709 

437 

56 78 

38.96 

21.12 

243 

75.40 

64.52 

44.39 

44 53 

710 

20 

97 97 

96 32 

69.31 

Alkaline 



0 00 



Yellow gray silt loam. Original acidity--1358 parts per million, or 2813 pounds of limestone 

per acre 


801 

1066 

21 63 



970 

28.57 


9.00 


802 

42 



75.27 

Alkaline 


0 00 

0.00 


803 

542 

60 09 

49.06 

38 46 

362 

73 34 

61 64 

33.21 

44.7 

804 

Alkaline 


■tliM 


Alkaline 

Km 


■iWtM 


805 

764 


28 33 

21.37 

580 

57.29 


24.08 

28 62 

806 

895 

33.28 

16 04 

11.65 

894 

34.16 

783 

0.11 

5 59 

807 

479 

63.91 

55.09 

42.28 

271 

mm 

mSi 

41.33 

51.47 

808 

no 

91.91 

90 62 


Akaline 


IB 



Kji« 

565 

65 75 

46 43 


519 

61 78 

46 49 

8.01 

33.21 

810 

Alkaline 

100 00 

0 00 

0.00 

Alkaline 

100 00 

0 00 

mijji 



Yellow silt loam. Original acidity—1318 parts per million, or 2921 pounds of limestone 

per acre 


901 

685 

48.02 



683 

48.18 


0.29 


902 

77 

94 16 

88.76 

46.13 

13 

99.01 

98.09 

83.11 

50.83 

903 

511 

61.22 

25 40 

13.20 

243 

81.56 

64.42 

52.44 

33 38 

904 

Alkaline 


0.00 


Alkaline 

0.00 

0.00 

0.00 


906 



8 26 

4.18 

441 

65.78 

35.43 

30.00 

17.60 

906 

832 

36.71 

17.66 


645 

51.06 

5.56 

22.47 

2.88 

907 

455 

65.47 

33.57 

17.45 

123 

90 66 

81.99 

72.96 

52 48 

908 

109 


84.09 

43.70 

Alkaline 

100.00 

0.00 


0.00 

909 

846 

Kw' 

19.05 


642 

51.29 

6.00 

24.11 

3.11 

910 

16 

Kdtt 

96.21 

50.76 

Alkaline 

100.00 

000 










































AttnoNtm AS A VACiox IN sou. Acmry 179 

% 

the plants were very small and chlorotic. The results with add phosphate 
applied alone, showed that the soils also respond to pho^hate fertilization. 
Judging from the growth of the plants ev^ the minimum application seems 
to have ben^ted the soil. In the first crop, however, the plants looked differ¬ 
ent from those growing on limed pots. The plants grew more than those in 
the control, but they were slender, branchless, and chlorotic as compared 
with the bushy dark green plants growing on the limed pots. In the second 
crop, excepting the crops in the pots which received the minimum applica¬ 
tion, those defects observed above have disappeared, and although growth was 
slow during the winter days, the plants were healthy, bushy and deep green. 
The best crop in this series was noted in the pots receiving the normal applica¬ 
tion and maximum application of limestone, together with the normal applica¬ 
tion of acid phosphate. Even the minimum application of limestone in com¬ 
bination with the normal amount of acid phosphate grew better crops than the 
normal application of limestone alone. In the first crop, however, the plants 
were also chlorotic, although to a lesser extent than those in pots receiving add 
phosphate alone. In the second crop chlorosis has completely disappeared. 

After the first addity determination it was found that the addity of the im- 
treated soil has been reduced also. The addity of the gray silt loam has been 
reduced 28 per cent, that of the yellow gray silt 21§ per cent and that of the 
yellow silt 48 per cent. Up to this time, for a period of 108 da 3 rs, tap-water 
was used for watering the plants and the pots, but since then rain-water was 
used instead. Experience in the use of this tap-water in the greenhouse proved 
that it has a tendency to reduce the addity of acid soils. For example, a very 
add soil watered by the tap-water became alkaline after a few years. Thefact 
that the addity of the controls of the three types of soil have been reduced is 
attributed to the use of the tap-water. But by subtracting the per cent of 
addity reduced in the control from the total acidity of the treated pots, we 
still have a fair indication of the addity reduced due to the treatment of the 
soils. 

The effect of limestone and add phosphate alone and ir combination on 
the addity of the three add soils is best shown in plates 11 and 12, in 
which the treatment of the pots is represented by the absdssas and the per 
cent of addity reduced by the ordinates. Curve 1 in each figure represents 
the per cent of additj- aeduced after 108 days and curve 2 the total addity 
reduced for a period of 178 days. 

The three types of soil responded differently to the different treatments. Of 
the three the yellow gray silt loam responded more readily to liming and phos¬ 
phate fertilization than dther of the other two types. From the charts we 
can see that in 108 days the normal apjfiication of limestone or the amount 
required to neutralize the acidity of the soil reduced the addity of the gray 
s8t about 55 per cent, of the yellow silt 46 per cent and that of the yellow gray 
silt 76 per cent. In 178 days the total addity reduced was 63 per cent for 
the gray silt and 51 per cent for the yellow silt; the yellow gray silt was com- 
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pktdy neutrtlmd, the reaction being alkaline. With one-fifth of the normal 
application the acidity was reduced 6.56 per cent in the case of gray silt, in 
106 days; 38 per cent in case of the yellow gray, and 13 per cent in case of the 
ydbw sflt. At the end of 178 days the lime applied was completely used up 
in the neutralisation of one-fifth of the acidity of the soiL In the case of the 
ydlow gray silt the percentage of acidity reduced in both determinations ex¬ 
ceeds that which would theoretically be accompHshed by lime applied in an 
amount equal to one-fifth of the lime requirement. Thb fact is probably due 
to experimental error which would include samplingandmanipulation. When 
limestone equal to five times the lime requirement was added, the neutraliza¬ 
tion of addity was complete in 108 days in the case of two soils; only 68.8 
per cent of the acidity was reduced in the case of gray silt. All these facts in¬ 
dicate the rapidity with which calcium carbonate puts active aluminum out 
of action, the substance responsible for the acidity of the soils. 

The effect of add phosphate on the three soils is interesting. The notion 
that add phosphate has the tendency to increase the addity of a soil has no 
confirmation in this work. On the contrary, the results show that add phos¬ 
phate deddedly reduced the addity of the soil, as measured by the Hopkins 
method. The reaction, however, is slower than that in the case of caldum 
carbonate. In 108 days the normal application of add phosphate destroyed 
16 per cent of the addity of the gray silt; 21 per cent of that of the yellow gray 
silt; and 4 per cent of that of the ydlow silt. At the end of 178 days 47 per 
cent of the addity of the gray silt was destroyed; 28 per cent of that of the 
yellow gray silt and only 17 per cent of that of the yellow silt. Applied in one- 
fifth the normal application, add phosphate reduced in 178 days the acidity of 
the gray silt 7 per cent; of the yellow gray silt 12 per cent; and of the yellow 
silt only 3 per cent. In five times the normal application acid phosphate re¬ 
duced the addity of the gray silt 24 per cent in 108 days and 57 per cent in 
178 days; of the yellow gray silt 42 per cent in 108 days andSl per cent in 178 
da 3 rs; of the yellow silt 17 per cent in 108 days and 52 per cent in 178 days. 

The combination of acid phosphate and limestone produced a still more 
interesting result. The combination of the normal application of limestone 
and add phosphate reduced, in 108 days the addity of the gray silt 60 per 
cent; of the yellow gray silt 70 per cent; and of the yellow silt 43 per cent. 
After 178 days all the pots with this treatment were alkaline. The combina¬ 
tion of the normal application of add phosphate and one-fifth the normal dose 
of limestone also reduced considerably the addity of the soils. Bui with the 
combination of the normal application of add phosphate and the maximum of 
limestone, the yellow gray silt was alkaline in 108 days, while the gray and 
yellow silt were then reduced 69.31 per cent and 50.76 per cent, respectively. 
At the end of 178 days the soils were alkaline. 

ffaw add pkosfkdk reduces the addUy of add soils. One of the problems in 
the present investi^tion is whether add phosphate increases the addity of an 
add soil. Using the caldum-acetate method Hartwdl and Pember (27) found 
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that the acidity of add soils increases as the amount of add phosphate applied 
was increased. Comparing the lime-water and the potassium-nitrate methods 
Albrecht^ found also that with the lime-water method the addity increased as 
the amount of add phosphate was increased^ but with the potassium-nitrate 
method up to a certain pdnt, the increase of add phosphate was accompanied 
by a decrease of addity. The results discussed in the preceding paragraph cor¬ 
roborate the findings of Albrecht with the potassium-nitrate method. In 
this connection two questions come up. First, if add phosphate reduced the 
addity of the soil, how? And second, why are the results l^tween the potas¬ 
sium-nitrate method on the one hand, and those of caldum-acetate and lime- 
water on the other, so diametrically opposed? 

Hartwell and Pember (27) noted that while the acidity of the soils was in¬ 
creased with the increase of acid phosphate application the amount of active 
aliuninum was decreased. No explanation was offered for this fact, but we 
can safely attribute it to the combination of active aluminum with other de¬ 
ments forming an insoluble compound. One of the^ products of the reaction 
between add phosphate and active aluminum in the soil is aluminum phos¬ 
phate, a very insoluble compound. The decrease in the amount of active 
aliuninum after add phosphate has been applied to the soil is, therefore, due to 
the formation of aluminum phosphate. The larger the amount of add phos¬ 
phate applied to the soil containing active aluminum, the larger will be the 
amount of aluminum phosphate formed. And since aluminum is largdy 
responsible for the acid reaction of the potassium nitrate extract, the larger the 
amount of aluminum converted into phosphate, the smaller will be the amount 
of aluminum that will be brought into solution wh^ri an acid soil is extracted 
with potassium nitrate after acid phosphate has been applied. This explains 
the fact that with the potassium-nitrate method the addity of add soils de¬ 
creases as the amount of acid phosphate applied increases. 

We can see from the above explanation that the opposing results obtained 
by the use of the three methods of determining the addity of the soil are due 
to the difference of the substances determined. The lime-water and caldum- 
acetate methods determine true addity, and the potassium-nitrate method, 
while originally intended to determine true acidity, actually determines ac¬ 
tive aluminum. Since add phosphate has some free phosphoric add the first 
two methods will recqrd increased addity as the amount of acid phosphate is 
increased. 

Hartwell and Pember (27) also observed that in spite of the large amount 
of addity (as determined by caldum acetate) due to add phosphate, barley 
made a marked growth. In the present investigation the growth of sweet 
dover on pots receiving acid phosf^iate alone increased as the add phosphate 
applied increased. But the correlation is between growth and decrease of 
addity rather than growth and increase of acid phosphate. This is better 

* W. Albert Albrecht’s unpublished work in the University of Illinois. 
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QliHtnted ia table 8 in which the per cent trf acidity reduced and the dry 
matter of five jdants from each pot are put together. 

The results given are one of the enden^ that aluminum is an inq>ortant 
factor in the acidity of the three types of soil studied. 

TABLES 


Effect of the reduction of oddity by acid phosphate on the yidd iff tweet dover 
Gray silt 


Pot number. 

7fll 

705 

706 


Per cent of acidity reduced. 


16.16 

5 70 

BIB 

Dry weight (gm.). 

0.54 

0.87 

0.58 

Bifl 


Yellow gray silt 


pot number. 


BB 


807 

Per cent of acidity reduced. 




42.28 

Diy weight (gm.). 




0 67 


Yellow slit 


Pot number. 

901 

905 

906 

907 

Per cent of acidity reduced. 


4.18 

1 36 

17.45 

Dry weight (gm.). 

0.52 

0.75 

0 62 

1.21 


Experiment HI. What happens when acid soils are leached out with potassium 

nitrate or water 

Two pots of each of the three types of soil were leached out with normal 
potassium nitrate until the last 125 cc. of leachings were practically neutral. 
With the gray silt loam 30 liters of the solution per pot were needed to reach 
this point. For the yellow gray silt loam 35 liters were needed, and for the 
yellow silt 39 liters. After leaching with potassium nitrate the soil was leached 
out with distilled water again in order to get rid of the excess of potassium 
nitrate. The leaching was continued also until the last few drops showed 
faintly blue to the diphenylamine sulfuric acid test for nitrates. Then the 
soils were dried out and sampled for analysis. The results of the analysis are 
given in column 3, table 4. 

A similar set was leached out with water alone. Distilled water was used 
in leaching the soils and the operation was continued until the last 125 cc. 
needed hardly 0.5 cc. of the standard sodium hydroxide solution used in ti¬ 
trating the acidity. When this end was reached, 12 liters of water had been 
used in the gray silt; 16 liters in the yellow gray silt; and 13 liters in the yellow 
silt. Then the soil was dried and sampled as in the above set for analysis. 
The results of the anglysis are given in column 5, table 4. 

What has been found from the above experiments may be summarized as 
follows. With potassium nitrate 96.96 per cent of the acidity of the gray silt 
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wfu» extracted, with water only 7.31 per cent of the acidity was extracted. Of 
die aluminum 44.79 per cent was leached out by potassium nitrate and 17,67 
per cent by water; of the iron 23,85 per cent was leached out by potassium 
nitrate and 7.53 per cent by water; of the manganese 4.76 per cent and 1.19 
per cent were leached out by potassium nitrate and water, respectively. 
Potassium increased 28.95 per cent and nitrate nitrogen 20.69 per cent. 

With the yellow gray silt 99.15 per cent of the acidity was extracted by po¬ 
tassium nitrate and 7.21 per cent by water; 59.93 per cent of the aluminum was 
leached out by potassium nitrate and 24.73 per cent by water; 14.44 per cent 
of the iron was leached out by potassium nitiate and 2.48 per cent by water; 
and of manganese 3.03 per cent and 1.03 per cent was leached out by potassium 
nitrate and water, respectively. Potassium was increased 25.72 per cent and 
nitrate nitrogen 55.60 per cent. 

With the yellow silt, potassium nitrate extracted 97.93 per cent of the acidity, 
and water 12.36 per cent; of aluminum 50.61 per cent was leached out by po¬ 
tassium nitrate and 21.55 per cent by water; of iron 21.Q1 per cent was leached 
out by potassium nitrate and 8.62 per cent by water; of manganese 8.79 per 
cent was extracted by potassium nitrate and 1.51 per cent by water. Potas¬ 
sium was increased by 28.57 per cent and nitrate nitrogen by 90.47 per cent. 
It may be added that potassium nitrate also leached out some of the calcium 
and phosphorus of the soils. 

Discussion of results. These results reveal the fact that from 44 to 60 ptr 
cent of the aluminum in the soil may be leached out by potassium nitrate and 
that the leaching of this amount is accompanied by a big decrease in the acid¬ 
ity. Thus the 44.79 per cent of aluminum leached out from the gray silt was 
accompanied by the disappearance of 96,96 per cent of the acidity. In the 
case of the yellow gray silt the extraction of 59.93 per cent was accompanied 
by the destruction of 99.15 per cent of the acidity. With the yellow silt 
50.61 per cent of the aluminum extracted was equivalent to a 97.93 per cent 
decrease in the acidity. It is not to be expected to extract all the aluminum 
in order to reduce the acidity of the soil to zero, for not all the aluminum in the 
soil is in the form readily soluble in potassium-nitrate solution. Some of the 
aluminum is present as silicate and since clay constitutes from 10.15 to 26.4 
per cent of the bulk of the soils under experiment, it is not unlikely that kaolin- 
ite, Als( 0 H) 4 Sis 05 , the chiaf constituent of clay, is present in considerable 
amounts. Kaolinite^ is a very stable compound, and although kaolin (70), a 
mechanical mixture of kaolinite and silica, has been found to exchange bases 
with salt sedutions, nevertheless, under the conditions in which the aluminum 
has been leached out in the present work, it is not probable that kaolmlte and 
allied aluminum minerals will be readily attacked by potassium nitrate solu¬ 
tions. The ca se is more likely to be that a considerable amount of soluble 
aluminum compounds—salts and the trihydroxides—are present in the soil. 
In contact with potassium nitrate or even with water these compounds readily 
go into solution and are leached out. The 40 or 60 per cent of aluminum 
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leadied out rq>re8e&t8 these soluble compounds or active aluminum* This 
active ahuninum is equivalent approximately to 53,240 and 90,720 pmmds 
per acre,' respectively. 

the case of the water-leached soils it is seen that from 17.67 per cent to 
24.73 per cent of the aluminum is leached out These percentages are equiv¬ 
alent approxiniately to 20,570 pounds and 26,388 pounds per acre, respec¬ 
tively. The quantity of aluminum found in the water leachings would not 
probably be the actual amount of soluble alummiun in the field because cer¬ 
tain factors, such as the transporting, storing and dr 3 dng of the soil when 
brought to the greenhouse, mi^t have contributed to the increase of the solu¬ 
bility of aluminum, but allowing 50 per cent to these factors we have still 
about 10,000 or 18,000 pounds left to be assigned to the readily soluble alumi¬ 
num in the soils. The amount of aluminum in the maximum application of 
aluminum nitrate in the sand series is equivalent to 2701 pounds only, and this 
proved fatal to sweet clover. In the normal application of the same salt the 
aluminum is equivalent to 540 pounds per acre only, yet this proved toxic to 
sweet clover. If this is true what a tremendous influence will 10,000 or 18,000 
pounds have on the crop in the field. 

Sweet clover on the leached-out soils. Sweet clover seeds were sown in both 
potassium-nitrate-leached and water-leached soils. In the case of the former 
there were some difficulties which were never overcome in the case of two 
soils up to the writing up of this work. First, too much potassium nitrate 
was left in the soils in spite of the leaching by water. Gray silt loam had 
28.69 per cent more nitrate nitrogen and 28.95 per cent more potassium than 
the original. Yellow gray silt loam had 55 per cent more nitrate nitrogen, 
and 25.72 per cent more potassium than the original; and the yellow silt had 
90.27 per cent more nitrate nitrogen and 28.57 per cent more potassium. The 
second difficulty was the physical texture of the soils which was badly affected 
by the leaching with potassium nitrate. The soils became more compact 
and sticky. The first planting was consequently a failure. An attempt has 
been made to improve the physical texture of the soil by mixing the soil 
with one-third of its volume of pure silica sand and leaching out with water 
again. But the nitrate remaining was still in large enough amounts to be 
fatal to seedlings, consequently the second planting was again a failure. The 
soils were laid aside and watered every day until it was thought enough nitrate 
salt had been drained out. Seeds were then planted. At the beginning the 
seedlings seemed to be making headway, but within three weeks the seed¬ 
lings in the yellow gray and yellow silt loams were already either dead or d 3 dng. 
Evidently the concentration of salts in these two types of soil was still too 
strong for the plants to survive. In the case of the gray silt the seedlings per¬ 
sisted and grew, although slowly. The growth up to May 19, at the age of 120 
days, is shown inf plate 9. A, is water-leached soil, A-1 is potassium-nitrate- 
leached SOB, A-2 original soil plus KNOi equivalent to the excess found in 
the XNCVlcftChed soil plus sand, A-3, the original soil plus sand. Attention 
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is Cftllsd to tho difierence of the growth of sweet clover on the different pots. 
The plants in the potassium-nitrate-leached soil, although somewhat stunted 
in growth, were really healthy and d^p green. The plants in A-2 and A-3 
were largdy chlorotic. This difference in the growth is attributed to the re¬ 
duction of 96 per cent of the acidity of the soil, which is equivalent to 53,240 
pounds of aluminum removed. It is also important to note the growth of 
sweet clover on the water-leached soil. Although only 96 days old they looked 
just as vigorous as those in the potassium-nitrate-leached soil. This was due 
chiefly to the presence of a still excessive amount of the nitrate salt in the 
potassium-nitM^te-leached soil. But it is evident that the removal of about 
20,000 pounds of aluminum by water had greatly benefited the growth of 
sweet clover and this amount was probably the amount of active aluminum 
immediately concerned in the unproductivity of the soils under investigation. 
This effect of the removal of about 44 per cent of aluminum in the soil by po¬ 
tassium nitrate and 17 per cent by water, on the growth of sweet clover, is 
conclusive proof that aluminum is the chief factor in the unproductivity of 
the three types of soil under investigation and probably of most acid soils in 
America. 

Hm aluminum salts arise in the soil. The form of aluminum immediately 
concerned in the behaviour of sweet clover toward acid soils is the soluble 
form, the salts: The silicates and hydroxides cannot produce toxicity inas¬ 
much as they are insoluble in water. In the case of one form of hydroxide, 
the monohydroxide, it has been proven harmless to sweet clbver in the present 
investigation. But the salts have been proven injurious to plants even in 
dilute solutions. 

The question now arises as to how aluminum salts may be formed in the 
soil. Aluminum chloride, sulfate and nitrate may all be found in the soil. 
The amount of aluminum chloride will naturally be limited by the absolute 
amount of chlorine in the soil. Aluminum sulfate will also be limited by the 
amount of sulfur. Under certain conditions, if the soil is rich in sulfur and 
the sulfur bacteria are active, through sulfofication considerable amounts of 
aluminum sulfate may be formed. Investigating the effect of sulfofication 
on the availability of pi^iassium in the soil, Ames and Boltx (2) found that 
aluminum was not present in the extract of soils in which sulfur did not enter 
as a part of the treatm^’rt concluded that aluminum sulfate is formed 
during sulfofication. Artificial treatment of the soil may give rise to consid¬ 
erable amounts of aluminum sulfate. Ruprecht and Morse (60) found that the 
continuous application of ammonium sulfate to plots in the experimental field 
in Massachusetts produced aluminum sulfate. But great as is the possibility 

the formation of aluminum sulfate in large quantities, still greater is the 
possibility for the formation of aluminum nitrate. Nitrification is a normal 
process occurring in the soil, and depending on conditions it varies widely. 
At certain seasons of the year nitrification is most active. Such is the condi¬ 
tion under which large quantities of aluminum nitrate may be formed. In 
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normal soils, l^uffidently provided vrith limestone, aluminum salt may never 
be formed, but in soils defident in lim^tone, aluminum salts are largdy formedi 
especially is it true when nitrification is most active* The add«>solu^e alumi> 
num trihydroxide in the soil, in the absence of limestone and other suitaUe 
bases, unites with nitric add forming aluminum nitrate. The reaction may 
be represented by the following equation: 

A1A.3H*0 + 6 HNO 1 » 2Al(NOs)» + 6 H 1 O 

If limestone is present in suffident quantities to satisfy the basic need of nitric 
add produced, alummum nitrate and sulfate may never be formed. Caldum 
nitrate, the best form of nitrogen compound for plant-food is formed, instead, 
according to the following reaction: 

CaCOa + HNO. « Ca(NO,), + HjO + CO, 

Ames and Bolts (2) noted that the largest amount of aluminum was found in 
solutions from soils where sulfur was oxidized in the absence of calcium car¬ 
bonate. 

Wh(U happens when acid soils are extracted with potassium nitrate before and 
after the application of limestone. The fact has been repeatedly observed in 
the present investigation that when an add soil was extracted with potassium 
nitrate the reaction of the extract was always add, but when limestone (cal¬ 
dum carbonate) was applied in amounts equivalent to or five times the lime 
requirement, and the soil was extracted with potassium nitrate the reaction 
of the extract was always alkaline and the white gelatinous aluminum hydrox¬ 
ide predpitate was absent, Knight* found that “when a base is added to an 
add soil, comparatively insoluble products are formed. Calcium produces a 
product less soluble than does potassium.” Ames and Boltz (2) also found 
that the addition of calcium carbonate at the rate of 80,000 parts per million 
on the soil, decreased the solubility of aluminum to 68 parts per million as com¬ 
pared with 660 parts per million where caldum was added in amounts just 
sufficient to combine with only a small part of the sulfuric add. What most 
probably happens is this: When calcium carbonate is applied to the soil, 
caldum bicarbonate is formed which unites with the aluminum salts or with 
the acid-soluble hydroxide, forming caldum aluminate, a stable compound. 
The reaction may be written as follows: 

Al,(NO),.9Hrf) + 6Ca(HCOa),« Al|Of.3CaO + 3Ca(NO,), + ISHrf) + 6CO, 
or 

A1A.3H,0 + 3Ca(HCO,), - AlA.3CaO + 6H,COi 

When an add soil comes in contact with potassium nitrate solution an ex¬ 
change of bases Wween the soil and the solution takes place (70). The 

* H. G. Kniiht, “Acidity and Addimetiy of Soil,” unpublished thesis from the University 
of Illinois. 
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ahuomimi ccmipoandsare attocked,bringingaluininiuninto8oliitionand Iotbh 
ii^ aluminum nitrate which on hydrolysis produces strong addity. This is 
the cause of the add reaction of the solution. When an acid soil is treated 
with caldum carbonate and after a while extracted with potassium nitrate 
the extract is alkaline. An exchange of bases takes place also. But in this 
case the calcium compounds formed in the soil are attacked by the salt sohi* 
tion, calcium being replaced by potassium and brought into solution as od- 
dum nitrate. Such an explanation is in agreement with the findings of van 
Bmmelen (5) and other investigators (70) on the subject of exchange of bases 
between soils and salt solutions, the former having found that when potasstoxs 
chloride solution was added to the soil, almost a complete change of potaa- 
sium for caldum and magnesium took place. The presence of caldum ni¬ 
trate, therefore, which does not hydrolyze, explains the neutral or alkaline 
reaction of the extract. 

Experiment IV, Iron and manganese as factor^ in soil acidity 

The table of analysis reveals that the t 3 rpes of soil under investigation also 
contain considerable quantities of iron and manganese. The gray silt contains 
47,800 pounds of iron and 840 pounds of manganese per acre. The yellow 
gray silt contains 40,300 pounds of iron and 786 pounds of manganese per 
acre; and the yellow silt contains 74,200 pounds of iron and 660 pounds of 
manganese per acre. The toxicity of normal iron salts at a certain concentra¬ 
tion is well known, and Ruprecht and Morse (61) found that in the unproduc^ 
tivity of ammonium-sulfate fertilized plots of the Massachusetts Agricultural 
Experiment Station, ferric and manganese salts were also contributing factors. 
Funchess (20)’ also observed that in Alabama the development of soluble 
manganese salts was the cause of the unproductivity of a certain soil. The 
question now comes up as to whether iron and manganese might not be also 
contributing factors in the acidity of the soils under investigation. It was 
thought that if these metals were as important a factor as alummuro, some 
idea might be obtained from their degree of solubility and their ratio to soluble 
aluminum. Fortunatwly, the first 4-liter poUssium-nitratc leadmgs of the 
gray silt and the first 4-liter water-leachings of the three types of soil have been 
saved. These leacjn^'g* analyzed for aluminum, iron and manganese. 
The results of the analysis arc given in table 9. 

This Ublc shows that the ratio of aluminum, iron and mang^ese in thehrst 
4 liters of the potassium-nitrate leachings.is 4.6:1:1.2. The first 4 liters of 
water extract gave for the gray silt loam 4.8 for aluminum, 1 for iron and 1.1 
for manganese; for the yellow gray silt loam 6.2 for aluminum, 1 for iron and 
1.3 for manganese; and for the yellow silt 3.4 for aluminum, 1 for iron and l.t 

for manganese. Tlmproportionof alumimim to iion or manganese issttchthi^ 
there can be no doubt that aluminum is the dominant factor. Inthecaseel 

* fuTthcr stcp has bccn taken. Sand^^ulture experiments were 
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cgirhd out with manganese sulfate, nitrate and carbonate, the plan being the 
same as that in the aluminum series. The results of these experiments reveal 
that manganese cannot be any factor m the soil in question for this reasosL 
When calcium carbonate in considerable quantities was combined with alumi¬ 
num salts the toxicity of the aluminum was corrected, In the case of the 
soils, calcium carbonate also corrected their acidity or improductivity, but 
with manganese compounds not even the application of five times the lime 
requirement of calcium carbonate has corrected the toxicity of manganese. 
It is not denied that iron and manganese might become factors in the acidity 
of some soils but with the soils under investigation there is no doubt that 
aluminum is the determining factor in their acidity. 

TABLE 9 

Analysis of exlracts {4 Hkrs) 


Tffi or loa 

Ahuiil&tm 

IfOO 

Mangaiifif 

KNOi extract 

OxEysilt (mgm.). 

282.5 

60.9 

49.8 

Ratio. 

i 

4.6 

1 

1.2 


mo extract 

Qftysilt (mgm.). 

■MIM 


14.6 

1 Ratio. 

mm 

1 

1.1 

Vdbw gray tilt (legm.). 


17.0 

13 1 

Ratio. 

mm 

1 

1.3 

Yellow silt (mgm.). 

Hi 

26.3 

16.3 

Ratio... 


1 

1.7 


V. StTlOCARY 

’ Experiments have been carried out, first, to find out the influence of alumi¬ 
num salts and alu m i n um hydroxide, alone and in combination with calcium 
carbonate or with acid phosphate, on the growth of sweet clover grown in 
sand; second, to determine the effect of limestone and acid phosphate alone 
and in combination, on the productivity and acidity of three types of silt loam 
ioO; third, to find out the effect of the removal of some aluminum from the 
Aoil on the growth of sweet clover; and fourth, to ascertain whether iron and 
manganese abo are factors in the acidity of the soils imder investigation. 

* In the abs^ce of some calcium compounds as a sourceof calcium, aluminum 
Salts were highly toxic to sweet clover when iq>plied in amounts chemically 
equivalent to the acidity of the soil, and fatal to sweet clover when applied in 
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amounts chemically equivalent to five times the acidity of the soil* In the 
presence of caldum silicate, aluminum nitrate was more toxic t>i a n aluminum 
sulfate. 

Aluminum mono-hydroxide had no effect whatever on the growth of sweet 
clover, when other plant-food elements were added in water-soluble form. 

Calcium carbonate in sufficient amounts corrected the toxicity of aluminum 
salts, by precipitating aluminum as caldum aluminate, an insoluble compound. 

Add phosphate applied at the rate of 400 pounds per acre reduced the tox- 
idtyof alu m mu m salts by forming aluminum phosphate, aninsoluble aluminum 
compound. 

Limestone applied at a rate equal to the lime requirement produced good 
crops on the three silt loam soils, applied at the rate of five times the lime re¬ 
quirement it produced bette** crops. At the same rate of application the soils 
were alkaline at the end of 178 da 3 rs. The action of calcium carbonate in 
the soil is to unite with the aluminum salts and the acid-soluble aluminum 
hydroxide, forming calcium aluminate. 

Acid phosphate applied alone at the rate of 1 ton to the acre produced fair 
crops, at the rate of 5 tons good crops. Acid phosphate also reduced the acid¬ 
ity of the soils and the decreases depended on the rate of application. At the 
rate of 5 tons per acre acid phosphate reduced the acidity of the soils from 51 
to 57 per cent. The reduction of the acidity was due to the formation of the 
insoluble aluminum phosphate. 

The combination of acid phosphate and limestone in large quantities pro¬ 
duced the best crops. 

The aluminum in the soil varies from 121,000 to 151,000 pounds per acre. 
When the soil was leached out with potassium nitrate solution until the last 
125 cc. of leachings was practically neutral, the acidity of the soil was reduced 
99 per cent and as much as 59 per cent of the aluminum was leached out. 
Sweet clover growing on leached soil was better than that growing on un¬ 
leached soil. The fact conclusively proved that aluminum is the determining 
factor in the acidity of the soils under investigation and probably of most 
other acid soils of the same origin. 

The form of aluminum immediately concerned in the unproductivity of acid 
soils in the soluble form, is the salts. These salts are derived from the add- 
soluble aluminum hvilrodd^, or gibbsite. In soils sufficiently provided with 
caldum, toxic aluminum salts may never be formed, but in soib defident in 
caldum and other bases, as in the case of add soils, toxic aluminum salts are 
largely the end-products of sulfofication and nitrification. 

It is not denied that iron and manganese may become contributing factors 
in the unproductivity of some add soils, but the preponderance of evidence 
points to aluminum as the determining factor in the addity of the soils under 
investigation. 

The potassium nitrate extract of an add soil is add, but the same extract 
after suffident amounts of limestone have been applied to the soil is alkahne. 
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la the first case an exchange of bases takes place between the aluminum com^ 
peunds and the potassium-nitrate solution,bringing aluminum into solution 
and forming aluminum nitrate, which on hydrolysis produces strong acidity. 
Tilts is the cause of the acid reaction of the solution. In the second case an 
exchange of bases also takes place, but this time between the calcium com¬ 
pounds and the potassium nitrate solution, bringing calcium into solution and 
forming calcium nitrate. This compound is not hydrolyzed and therefore 
wfil not produce acidity. This explains the neutral or alkaline reaction of the 
extract. 

In so far as aluminum is a factor in soil acidity the Hopkins method is the 
best one for soil-acidity determinations. It determines active aluminum and 
under field conditions when the lime requirement of the soil has been satisfied 
with the amount of calcium carbonate as determined by the method, the tox¬ 
icity of aluminum is eliminated. 
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PLATE 1 

Emcx or Aiimmuit SmurAii; a» tta Otown oy Swxst Ctovu 

Fxo. 1* Pint oop, 93 Aays okL 

101— Contfol—i^tpfood only. 

102— ^Pkuit*food pkii 3100 pottndt of Ali(S04}i per am. 

103— Plant-fdod phis 620 pounds of A]s(S 04 )i per acre. 

104— PtanMood ph» 15,500 pounds of AIt(SOi)i p4r acre. 

105— Plant>food phis 3100 pounds of Als(SOi)« per acre plus 2716 pounds of CaCOa 

106— Plant-food piuM 3100 pounds of A]e(S 04 )t per acre plus 543 pounds of CaCO^ 

107— Plant^dod phis 3100 pounds ol Als(SQi)i plus 13,580 pounds of CaC(V 
106—plant-food phis 3100 pounds of AWSCWi per acre plus 1054 pounds of CaCQi. 
l(|p—Phut-food plus 3100 pounds el Ali(SO«)i per acre plus 211 pounds of CaCOa 
110--tPhut-food plus 3100 pounds of A]|(SOi}f per acre plus 5270 pounds of CaCOa 
Fio« 3. Seeend crop, 96 days old. The same as above plus CaSiOb and add pboq^tc, 

loduced fron 100 to 400 pounds per acre. 
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PLATK 2 

Kfflci of Aluminum Chioride on Sutset Clover 

Fig. 1 Sweet clover at the age of 44 cla>s 
201 — Control—Plant-food only 

202— Plant-food plus 240.S pounds ofAlClj per a<.re. 

203— Plant-food plus 461 pounds of AICI 3 per acre. 

204 -Plant-food plus 12,02S pounds of AlCl* per acre. 

205— Plant-food plus 2405 pounds of AICI 3 plus 2716 pounds of CaCOj per acre. 

206— Plant-food plus 2405 pounds of AICI 3 plus 543 pounds of CaCOg per acre. 

207— Plant-food plus 2405 pounds of AICI 3 plus 13,580 pounds of CaCOa per acre. 

208— Plant-food plus 2405 pounds of AlClg plus 1054 pounds of CaH 4 (PC) 4)2 per acre. 

209— Plant-food plus 2405 pounds of AlCh plus 211 pounds of CaH 4 (P 04)2 per acre. 

210— Plant-food plus 2405 pounds of AlCli jdus 5270 pounds of CaH 4 fP 04)2 per acre. 
I'lC 2. Same, at the age of 93 day.* Treatment, same as above 


196 



aluminum as a FA( tor in soil acidity 

jr^F JISON MIRASUL 




PLATE 3 

Effeci or \LUMi\avi Nitrate on Swiet Clovfr 

11(. 1 first crop, 93 di\ s old 

SO 1 —Con* rol PKin t-food only 

S02 —Plint-food plus 3SS9 pounds of \l(N()i)d 9 H 2 O per acre 

SOS—Plant food plus 752 pounds of \l(N 03 )i 9H2() per acre 

301 -Plant-food plus 19,29> pounds of \l(N()<ili 9 H 2 C) per acre 

30S - PI int-food plus 3SS<) pounds of A1(N()3)« OlTiO plus 2716 pounds CaCOs per acre 

306—iMint food plus SS^9 p lunds of Al(N()d)j ^>H 20 plus 543 pounds of CaCOs per acre. 

307 —Planl food plus 3 s 59 pounds of Al(NOi)8 9 H 2 O plus IS,580 pounds of CaCOs per acre 

308— PLint food plus 3859 pounds of A1(N()3){ 9Ilj() plus 1054 pounds of CaH4(P04)2per 
acic 

309— Plant-food plus 3859 pounds of AKNOa)^ 9 II 2 O plus 211 pounds of CaH 4 (P 04)2 per 
a( rc 

310— Plant-food plus 3859 pounds of 'VI(NOi)j 9 II 2 O plus 5270 pounds of CaH 4 (P 04)2 per 
acre 

Fig 2 Second crop, 96 di\s old Same as above with the same changes as noted in 
series 100 
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PLATE 4 


Effect of Aluminum Hydroxide on Bwheet Clovek 

Fig. 1. First crop, 93 days old. 

401— Control—Plant-food only. 

402— Plant-food plus 1399 jwunds of AKOH)i per acre 

403— Plant-food plus 2S0 f>ounds of .MlOIHj per acre 

404— IMant-food plus 6995 pounds of AlfOHja per acre 

405— Plant-food plus 1399 pounds of Al(OH)a plus 2716 pounds of CaCOj per acre 

406— Plant-food plus 1399 pounds of Al(()H)a plus 543 pounds of CaCOa per acre 

407— ’ Plant-food plus 1399 pounds of AKOIDa plus 13,580 pounds of CaCOa per acre 

408— Plant-food plus 1599 pounds of Al(OHj8 plus 1054 pounds of CaIl 4 (P 04)2 per acre 

409— Plant-food plus 1399 pounds of Al(OH )3 plus 211 pounds of Can 4 (P 04)2 per acre 

410— Plant-food plus 1399 pounds of A1(()H)8 plus 5270 pounds of CaH4(P04)2 per acre. 
Fio 2 3 Second crop, 96 days old. Same as above up to 41’0 with the same changes as 

noted in series 100 to 300. 

411— Plant-food plus 1399 pounds of AUOH)8 plus 800 pounds of (NIl 4 ) 2 S 04 per acre 

412— Plant-food plus 1399 pounds of AKOHla plus 160 pounds of ('NIIi) 2 S 04 per acre 

413— Plant-food plus 1399 pounds of AUOIDa plus 4000 pounds of (NH 4 ) 2 S 04 per acre 

414— Plant-food plus 6995 pounds of Al(OH)'. plus 800 pounds of (NH 4 ) 2 S 04 per acre 

415— Plant-food plus 1399 pounds of Al(OH)a plus 800 pounds of (NH 4 ) 2 S 04 plus 2716 
pounds of CaCOa per acre. 

416— Plant-food plus 1399 pounds of Al(OH )3 plus 800 pounds of (XH 4 ) 2 S 04 plus 543 
pounds of CaCOa per acre 

417— Plant-food plus 1399 pounds of Al(OH)8 plus 800 jwunds of (NH 4 ) 2 S 04 plus 13,580 
(wunds of CaCOa per acre. 

418— Plant-food plus 1399 pounds of Al(OH)8 plus 2423 pounds of dried blood per acre. 
419 Phnt-food plus 1.399 pounds of Al(OH )3 plus 484 pounds of dried blood per acre. 
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. PLATE 5 

Effect of Acid Phosphate r)N Sweet Clover 

I‘i(! 1 First crop, 75 da)s old. 

601 - Control - Plant-food only. 

602--Plant-food plus 064 pounds of CaH 4 (P 04)8 per acre. 

603 —IMant-food plus 193 pounds of CaH 4 (POv 8 per acre 
604—Plant-food plus 4820 pounds of CaH4(P04)8 per acre. 

605 - -Plant-food plus 964 pounds of CaH 4 (P 04 )i plus 2921 pounds of CaC'Oa per acre 

606— Plant-food plus 964 pounds of CaH4(P04)3 plus 5H4 pounds of CaCOt per acre 

607- Plant-food plus 964 pounds of CaIl 4 (P 04)3 plus 14605 pounds of C'lCOj per a( re. 
Fig 2. Second crop, 67 days old Amounts of acid phosphate reduced to from 100 to 

400 pounds per acre 
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ALUMINUM \S \ FACTOR IN SOIL ACIDITY 

jbsE JISON MTBASOI 


PLATK 5 



PI ATE 6 

I IFECT OF I TMl STONF \ND ACID PH0SP1I\TE OV THL PRODLCflVITY OJ< CiPAY SlIT I 0AM 

I IG 1 I irst crop Q8 d lys old 

701— Control 

702— 2125 pounds of limtstont per acre 

703— 425 pounds of limestone per icre 
701 -10 625 pounds of limestone per icrc 

705— 2310 pounds of CaH4(P04)2 per acre 

706— 462 pounds of CaH 4 (P 04 )i per acre 

707— 11 550 pounds of CiH 4 (P() 4 )b per icre 

708— 2310 pounds of CaIl 4 (P() 4 )a plus 2125 pounds of limestone per icrt 
700—2310 pounds of C aH 4 (P 04)2 plus 425 pounds of limcstont per acre 
710 2310 iiounds of CaH 4 (P 04)2 plus 10 625 p mnds of limestone per urt 
1 IG 2 Second crop 123 dus old Treatment simeasibovt 
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PLATE 7 

I-'FFUCT of I.IMEbTUNE \N1) ACID pHOSPHATE 0\ THE PRODUCTIVITY OF YeLTOW GrAY SILT 

Loam 


Fig 1 First crop, clays old 

801— Contn'l 

802— 2813 pounds of limestone per acre. 

803— 562 jwunds of limestone per acre 

804— 14,065 pounds of limestone per acre 

805— 3080 pounds of CaH 4 (P 04 )a per acre 

806— 616 pounds of CaH 4 (P 04)8 per acre 

807— 15,400 f)Ounds of CaH 4 (P 04 2 per acre 

808— 3080 pounds ol CaIl4(P04)2 plus 2813 pounds of limestone per acre 
80*1—3080 pounds of CaH 4 (P 04)2 plus 562 pounds of limestone per acre 
810—30<S0 jMiunds of CaH 4 (P 04)2 plus 14,065 pounds of limestone per acre 
Fig 2. Second crop, 123 days old Treatment, same as above 
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ALUMINUM AS A FACTOR IN SOIL ACIDITY 
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PI ATE 8 

Effect of Limestone and Acid Hiosphate o\ the Productivity of Yellow Silt Loam 

Fig. 1 Fir'^t crop, 08 days old 

901— Control 

902— 2021 pounds of limestone per acre 
003~5S4 pounds of limestone per acre 
004—14,605 pounds of limestone per acre 
905—3080 pounds of CaH 4 (P 04)2 per acre 
(>06 -616 pounds of CaH 4 (P 04 )a per acre 
907 -15,400 pounds of CaHiiVOih per acre 

90S-3080 pounds of CaH 4 {P 04)2 plus 2921 pounds of limestone per acre 
90*) -3080 pounds of CaH 4 (P 04)2 plus 584 pounds of limestone per acre 
910- 3080 pounds of CaH 4 (P 04 )j plus 14,605 iwunds of limestone per acre, 

Fu; 2. Second crop, 123 days old Treatment, same as al)ove. 
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ALUMINUM AS A t AC TOR IN SOIL ACIDITY 
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PLATE 9 

Swrnt Crovi;,R on PorAssiUM-NiTRATr and Waxer-Leached Gra\ Silt Loam Soil 

A W<iter-leached soil 

A-1 PotaSsium-nitrate-leached soil 

A-2 Original soil plus KNOa equal to excess of KNOa in A-1 

A-3 Original soil 
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VIATK 10 

Graphs Showing the Decrease op Acidity op Soil Due to Treatment—Gray 

Silt Loam 

Curve 1 represents the per cent decrease of acidity in lOS days; curve 2 the per cent de¬ 
crease in 178 days 

701— Control 

702— 2125 pounds of limestone per acre. 

703— 425 pounds of limestone per acre 
704 -10,625 pounds of limestone per acre 

705- 2310 pounds of CaH 4 (P 04 )j per acre 

706- 402 pounds of CaH 4 (P 04 )j per acre 

707- -11,550 pounds of CaH 4 (P 04)2 per acre 

708- 2310 pounds of CaH4(I’04)2 plus 2125 founds of limestone per acre 

709- 2310 pounds of CaH 4 (P 04)2 plus 425 pounds of limestone per acre. 

710- 2310 pounds of Can 4 (P 04)2 plus 10,625 pounds of limestone per acre 
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PLATE 11 

Graphs Showiw; thl l)rci<i:\bi: of Acidity of Soil Due to Treatment—Yellow 
( iRAY Silt Loam 

Curve 1 represents the f)er cent decrease of acidity in 108 days; curve 2 the per cent 
decrease of acidity in 178 days 

801— Control 

802— 2813 pounds of limestone per acre. 

803— 562 pounds of limestone per acre 

801 — 14,065 pounds of limestone per acre. / 

805— 3080 pounds of CaIl4(P04)s per acre 

806— 616 p<»unds of C,iIl 4 (P 04 )a per acre 

807— 15,KX) pounds of CalLGWa per acre. 

80K—3080 pounds of CaIl 4 (K) 4 )a plus 2813 pounds of limestone per acre. 

80*^ —3080 pounds of CaH 4 (Pf) 4)2 f>Ius 562 pounds of limestone per acre 
810—3080 pounds of CaH 4 (P 04 )a plus 14,065 pounds of limestone per acre 
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PLATE 12 

('fRAPHfe Showing the Dfcrease of Acidity of Soil Dul to Treatment—Yellow 

Silt Loam 

Cune 1 represents the per cent decrease of aciditj in 108 days, curve 2 the per cent 
decrease of acidity in 178 da 3 "s. 

901 Control. 

902—2921 pounds of limestone per acre. 

90,1 584 pounds of limestone per acre 
904 ~ 14,60S pounds of limestone per acre 
905“ 3080 pounds of CaH 4 (P 04)2 per acre 

906— “616 pounds of CaH 4 (P 04 )s per acre 

907— -15,400 pounds of CaH 4 (P 04 L per acre 

908— 3080 pounds of CaH 4 (P 04)2 plus 2921 pounds of limestone per acre 
<K)9—3080 j)ounds of CaH 4 (P 04)2 plus 594 pounds of limestone per acre 
910— 3080 pounds of CaH 4 (l’ 04)2 plus 14,605 pounds of limestone per acre. 
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THE FORMATION OF SOLUBLE SUBSTANCES IN SOILS TAKEN 
FROM WIDELY SEPARATED REGIONS 

M. M. McCool Ain> C. £. Millak 
Michigan AgricuUttrai Bxparimint SMon 

Received for pabllcttion July 23, 1920 

The rate of formation of soluble substances in soils has r^eived a great deal 
of study by various members of the Soils Section. The freezing-point method, 
perfected by Bouyoucos (1), in the main has been utilized for these investiga¬ 
tions, yet the composition of the material going into solution has received 
attention (7). Our plans call for extensive res^ches along these lines. 
Millar is investigating the composition of the soil solution of cropped and 
virgin soils, while Spurway (0) and Wheeting, respectively, are considering 
the residuary effects of salts on soils of different texture. 

In discussing with Prof. C. F. Marbut, of the United States Bureau of Soils, 
the origin, weathering, composition and other questions that arise in con¬ 
nection with the soil survey work, it occurred to us that an investigation of 
the relative rate of formation of soluble salts in soils derived from material of 
different nature and formed under various climaMv* conditions as well as in 
soils which might be classed as very old, intermediate, and young, would be 
interesting and profitable. Accordingly through the courtesy of Professor 
Marbut and several members of the corps of field men engaged in soil survey 
work, a number of such samples were obtained. Many samples were supplied 
also by the men in charge of the soils work and outlying experimental stations 
of several states. Samples were received from the following states: Texas, 
Ohio, California, Washington, Arizona, Kentucky, Nevada, Tennessee, Michi¬ 
gan, Kansas, Indiana, Missouri, Georgia and Alabama. A brief description 
of the soil and subsoil follows the name used to characterize each sample. The 
numbers correqiond to those on the map and those preceding the soil names in 
the tables of data. Ui Icci otherwise indicated the surface samples were taken 
to a depth of 8 inches and the subsoils from 24 to 36 inches. The regions 
from which the samples were obtained are shown on the accompanying sketch 
map. * 

DEScaupnoN of soils 

i. Cockise, Aritona, This is a chocoUte-brown diyey sand cantaining ameb ooaise 
mattfiaL The subsoil is a cakaieous red day intermiaed with mudh coaise inateriaL This 
sample Is ffom the Sulfur ^niiigB Valley diy farm which has an etevathm of about 4^ 
feet aad an pfeci^pltatio& of approshhatdy U Inches 
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2. TifCfMh ArteMM. The soil ooniisti of eolcmm* §ny fine liid. The k of 
limiler material This sofl rqneseiita a vityin area in the RlUeto River bottom on the 
UniveieityFanB. The iiiiriaU in ride boUityk between 11 and 12 bchee and the elevation 
is about 2300 feet 

J. Rm 0 j Ifmaia, This is a brown sandy loam with a brown sandy l oam subeoR This 
sample was taken from the Experiment Station farm which is under irrigation. 

4. WkUtief, Califamia. This is a clay loam with a da^ gray day subsoil and was de¬ 
rived from shale, sandstone and other metamoiphlc rocks. Dq»th of sanqfie: surface 12 
inches; subsoil 24 inches. 

5. Riverside^ CdUfomia, C l as si fi e d as Placentia light sandy loam with a coarse brown 
sandy loam subsoil. This soil is of granitic origin. Depth of sample: surface 12 inches; 
subsoil 12 to 24 inches. 

6 . Umdy Waskingtom. This is a very fine sand with a yellow very fine sandy loam subsoil. 

7. Pullman^ Washington. This soil is a dark silt loam with a yellow clay subsoil. 

Texas soils 

8 . Spur. This is a chocolate-brown clay with a reddish brown clay subsoil The sample 
was taken from a virgin area on the experiment station farm.t 

P. Lubbock. 1. This soil is classified by the Bureau of Soils as Armarillo fine sandy 
loam. The subsoil is a calcareous brown fine sandy loam underlaid with marl at from 3 
to 4 feet. 

9a. Lubbock. 2. A heavy fine sandy loam classified by the Bureau of Soils as Richfield 
loam The subsoil is a calcareous heavy sandy loam underlaid with marl at from 2 to 4 
feet. 

JO. Pecos. This is a gray light sandy loam with a gray sandy clay subsoil. The sample 
represents a virgin area on the Experiment Station farm. 

Kansas soils 

IJ. Richland sUt loam. The sample was taken from an irrigated field in Finney County. 
It has grown grain crops for 20 years. Dq>th of sample: surface 7 inches. 

IZ. Arkansas fine sandy loam. This soil rqwesents the bottom land along the Arkansas 
River. The sample was taken from a field in Pawnee County which has been cropped for 
20 years. The water-table comes to within about 4 feet of the surface. Dq>th of sample: 
surface 7 inches. 

13. Lincoln silt loam. This soil came from Jewell County and is considered the best gen¬ 
eral farming soil in the county. The 8an^>le came from a field which has grown com and 
wheat for 30 years. Depth of sample, surface 7 inches 

14. Marshall silt Ion* This sample came from a field in Brown County, which has 
been cropped to com, wheat and oats for 45 years. D^th of sample: surface 7 inches. 

Michigan soils 

15. Miami silt loam. A brown silt loam with a brown clay loam subsoil, lliis soil has 
been cropped many years with little effort to maintain its productivity. 

16. Miami silt loam. Similar to the above but <from an uncropped area. 

17. Miami very fine sandy loam. A brownish gray soil with a clayey sand subsoil Kep- 
resentetive of a v^ry productive type of central Michigan soil. 

18. Clyde sandy loam. A dark gray 8<ril with gray sandy cUy subsoU. 

19. Clyde silt loam. A very heavy gray silt loam with clay loam subsoil KepresenU- 
tive of small areas in central Michigan. 

ZO. Miami sandy loam. A rather heavy Iwown sandy loam with clayey sand subsoil. 
RepresenUtive of much of the general fanning land in central Michigan. 



222 


WL IL IfOCOOL AHD C. B. MIXXAE 


ii, Cohrna amd. Levid to undnktiiig land originally covered with pine timber. Sob* 
foil qoite tandy. 

FlakifM tand, Tenaoe along the Manistee lUver. Sobscdl medium land. 

23, Miami silt loam. Rolling brown rilt loam unde rl aid with yellow, mottled clay loam. 

24, Coloma sand. Brown sand underlaid with yellow sand. Original timber pine. 

2$, Sill loam. Rolling land ioimerly bearing beech and maple timber. Tahen from a 
field quite low in organic matter. Subsoil yellow sand. 

2d, PkdafidM sand. Terrace formation i^ng Dowagiac creek. Subsoil gray sand. 

27, Coloma sand. Rolling land originaliy t^bered with oak. Subsoil sandy. Taken 
from a depleted firid. 

28, Miami silt loam. Rolling beech and maple land. Subsoil brown clay loam. 

29, Miami siU loam. Taken from a comparatively level area which is somewhat in need 
oi drainage. This soil has been cropped quite heavily but is still productive. Subsoil is a 
clay loam. 

30, Clyde silt loam. Representative of the black silt loams of the old lake bed area of 
southeastern Michigan. Badly in need of drainage. Subsoil is clay loam. 

31, Miami silt loam. Area quite rolling. Representative of morainic formations in 
northwestern Lenawee County. Subsoil day. 

32, Coloma sand. Rolling sand, subject to blowing if not properly managed. Taken 
from a much depleted field. Subsoil, y<^w sand. 

Texas soils 

33, CkilHcotke. This is a deep sandy loam with a coarse clayey sand subsoil. The 
sample was taken from a virgin area on the Experiment Station farm and represents the 
average soil on the farm. 

34, EUis clay. Yellowish brown clay underlaid with yellow clay containing some bluish- 
gray mottling. This sample was taken from uncultivated prairie growing mesquite grass. 
Depth of sampling unknown. 

35, Bell clay. Black clay to the d<^th of 12 inches. Taken from terrace land about 10 
feet above high water. A very productive soil. Subsoil is a dark bluish gray clay. Gravel 
is found at a depth of several feet. Depth of sampling unknown. 

36, Trinity day. Dark brown day to the d^th of 12 inches, representing an alluvial 
for m ation along the Trinity River. It is very productive. Subsoil is brown clay for many 
feet Depth of sampling unknown. 

37, Houston day. A black day 12 inches deep representing the main type of central 
Texas prairie. Subsoil to 36 inches is blade day containing fine particles of limestone 
(chalk). The original chalk material is found at a depth of 5 to 10 feet Depth of sampling 
unknown. 

38, Cahaba fine sandy loam. Brown loamy fine sand to a dqpth of 14 inches of terrace 
formation. Lower portion of surface soil is reddish in color. The subsoil to a depth of 
36 inches is a dull brownish red friable clay. Dq>th of aamplfag unknown. 

Ohio soils 

40. Clyde silty day loam. Subsoil is a mottled, drab clay. 

41, Ellsworth silt loam. Subsoil is yellow clay. This soil was derived from the weather¬ 
ing of sandstone and shale. 

42* Miami silty clay loam. Subsoil consists of j^dlow day. This i»mpb» is repiessnta” 
tive of th^li^t*o)bnxi upland soil occurring over a large part of western Ohio. 

43. Miami silt loam from DeUswon County, Indiana. Depth of —m piing unknown. 

44. SmsmUsiU loam from Cass Connly,Missomri. Dqpth of sam{fiing unknown. 

45. laxntgton, Koninchy, This soil is a brown silt loam with a ydiow day mhodO, It 
was taken from a virgin woodland pasture 
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46* GrtmoiUef Kentucky, The surface and subsoil of this sample both consist of ytUow 
day. Dq>th of saa^le: surface 8 inches; subsoil 12 to 24 inches. 

4t, Norfolk fine tandy loam. From Pierce County, Georgia. Surface sanq>le taken to a 
d^th of 4 inchM. From 4 to 24 inches there is a stratum of yellowish gray 6ne sand. Bdow 
this depth the sand is mixed with more plastic material. 

48. Lebanon (ClarhsvUle) silt loam from Tennessee, This sample was taken near TuUa- 
homa, Tennessee, from a forest of blackjack oak, post oak, red oak and black hickory. Depth 
of sample 8 inches—subsoil taken from 8 to 25 inches. 

49, Hagerstown silt loam from Tennessee. This sample was taken near Shelbyville, Tenn., 
and grew the following varieties of timber, red oak, post oak, white oak, hard maple, walnut 
and cedar. Depth of sample 8 inches. 

50, Ruston fine sandy loam. Sample taken near Luveme in Crenshaw County, Alabama. 
Depth of sample 10 inches, subsoil 10 to 36 inches. From 10 to 24 inches the material is a 
dull red to ydlowish red fine sandy clay. From 24 to 36 inches the material is the same but 
the color mottled. 

51. Orangeburg fine sandy loam. The sample was collected near Luveme, Alabama, and 
consists of a gray fine sandy loam merging into a light reddish color in the bwer depth. 
Dq>th of sample 10 inches; subsoil 10 to 36 inches. Consists of rather compact red fine 
sandy clay. 


EXPERIMENTAL 

The investigations may be divided into three phases: first, the formation 
of soluble material in surface and sub-soils from regions of radically different 
climatic conditions; second, the formation of soluble material in the various 
soil separates composing the soils from different regions, also the effect of 
grinding the coarser separates on the formation of soluble products; third, the 
effect of treatment with a solution of sodium nitrate on the formation of water- 
soluble material in the various separates obtained from certain soils. 


Formation of soluble material in surface and subsoils 

The samples of air-dry soil were passed through a 1-mm. screen. Al^ut 
50 gm. was then placed on filter paper in a funnel and washed with distilled 
water until the freezing-point depressiGn of the soil solution in the soil was 
practically zero. The soil was then thoroughly mixed by placing in a tumbler 
and stirring, and portions placed in freezing-point tubes which were stoppered 
and placed in a chamber maintained at 2S®C. Except in the case of very 
heavy soils this procedure afforded sufficient moisture so that a short column 
of water rose alM)ve the sample in the tube, and when this was not the case 
sufficient water was added to bring about the above condition. At intepals 
the tubes were unstoppered and the contents shaken to remove any accumu¬ 
lated gases and provide thorough aeration. The freezing-point lowerings 
were determined in the usual manner after 5,10, 30 and 60 days, unless other¬ 
wise indicated in the tables. 

Table 1 shows the results for surface soils formed frmn various materials 
and under different climatic conditums. The average annual precipitation of 
the regions from which the samples were collected also is shown. 



224 


M* M. UCCOOL AKD C. MUiM 


, TABLE 1 

Rak €f fomalion ofsoiuUe maknal in surface* soils derifodfrom dijfermt makrial and from 
areas of various precipUaUon vehou maintained at ZS*C. 


•oni 

ANNUAL 

nicmTA' 


yBBisnvc 

)-vonrr otstiMioN 



noN 





SO days 



•c. 

•c. 

•c. 

X 

•c. 

Arioona soils 







1. Cochiic. 


0 000 

0.003 


lURtHtl 


2. Tucson. 

12 00 

0 000 



0.017 


Nevada soils 







3. Reno. 

8 30t 

0.000 


0 012 



Califomia soils 







4. WhittierJ. 

13 00 

0.000 

[■jMJMJl 

0 025 

0.027 

0.035 

5. Rivenidet. 


0.000 


WIMOII 

0.005 


Waskingion soils 







6 IJnd. 


0 000 



0.008 

0.015 

7. Pullman. 

21.64 

0.000 


0 010 

0.019 


Texas soils 







8. Spur. 

21.00 

0 000 




0 026 

9. Lubbock 1. 


0 000 


Bmw«B 


0.024 

9a. Lubbock 2. 

W!!!l 

0 000 


0.026 


0 028 

10. PecosJ. 

21 00 

0.002 

0 015 

0 022 

0 025 

0 030 



0 days 

5 day» 

10 days 

20 days 

40 days 

Kansas soils 







11. Richland silt loam. 

20.00t 

0.003 

0.030 

0 039 

0 031 

0.010 

12. Arkansas fine sandy loam 

22 90 

0 001 

0.022 

0 034 

0 043 

0 010 

13. Lincoln silt loam_ 

26 30 

0 000 

0 020 

0 031 

0.032 

0.012 

14. Marshall silt loam . . 

33 35 

0.002 

0 010 

0 012 

0.020 

0 001 

Michigan soils 

Ingham County 







15. Miami silt loam... . 

30 99 

0.000 

0 009 

0 012 

0 012 

0 018 

16. Miami silt loam. 

30 99 

0 000 

0.021 

0.034 

0.045 

0 035 

17. Miami very fine sandy loam. 

30 99 

0 000 

0 008 

0.010 

0.019 

0.024 

18. Clyde sandy loam. . 

30 99 

0.001 

0.013 

0 034 

0 030 

0.030 

19. Clyde silt loam. 

30 99 

0.000 

0 016 

0 032 

0.026 

0.029 

20< Miami sandy loam . 

30 99 

0.006 

0 015 

0 019 

0 030 

0.035 

Manistee County 







21. Colomasand. , 

30.27 

0.000 

0.002 

0 011 

0 024 

0.020 

22. Plainfield sand.... 

30.27 

0.000 

0.003 

0.004 

0 016 

0.019 

23. Miami silt loam. 

30 27 

0.000 

0.028 

0 038 

0 035 

0.039 

24. Colomasand. . . 

30 27 

0.000 

0.011 

0 013 

0.011 

0.010 

County 







25. Silt loam. 

34.15 

0.001 

0 012 

0.013 

0.013 

0.026 

26. Pkbfield medium sand.. . . 

34 15 

0.000 

0.009 

0.011 

0.012 

0.022 

27. CokiBa^aMid . 

34.15 

0.000 

0.001 

0.002 

0.002 

0.003 

28. Miami silt loam. 

34.15 

0 000 

0.013 

0.026 

0.029 

0.038 
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TABLE 


aoas 

> AMNUAX. 

vasomsA- 

Odayi 

1 ^ 

S-MMNY M 

10 days 

1 20 days 

1 40 days 


iuckiT 


B 

•c. 

B 

B 

Lenawee County 


Ml 

Ml 


Ml 

B 

29. Miami silt loam. 

37.03 



0.022 

mi 

0.034 

30. Clyde fiilt loam. 

37.03 

0.000 

0.014 

0.021 

EE3I 

0.016 

31. Miami silt loam. 

37.03 


0 017 

0.037 



32. Colomasand. 

37.03 


0.005 

MjjJ 

0.017 

0.012 



Odayt 

Sdtyi 

10 days 

30 days 

40 days 

Texas soUs 







33. Chillicothe. 

26.29 

0.000 

0 008 

0.023 

0.033 

0.017 

34. Ellis clay,t Dallas County 

36.00 

0.000 

0 023 

0.029 

0.046 

0.049 

35. Bell clay,t Dallas County.... 

36.00 

0.000 

0.010 

0 020 

0.030 

0.032 

36. Trinity clay,! Dallas County. 

36.00 

0.005 

0 on 

0 014 

0.023 

0.022 

37. Houston clay,t Dallas County 

36.00 

0 000 

‘0 on 

0 014 

0.022 

0.020 

38. Cohaba fine sandy loam,t 







las County.. 

36.00 

0 000 

0 003 

0 005 

0 006 

0.008 

Ohio soils 







40. Clyde silty clay loam 

38.80 

0 003 

0.033 

0.028 

0.013 

0.020 

41. Ellsworth silt loam 

38 80 

0 001 

0.006 

0.007 

0.027 

0.027 

42. Miami silty clay loam 

38.80 

0 000 

0 021 

0 037 

0 052 

0.040 

Indiana soilsi 







43. Miami silt loam... 

38 00 

0 006 

0 018 

0 020 

0 023 

0.028 

Missouri soUsf 







44. Summit silt loam .. 

38 00 

0 006 

0.015 

0 020 

0.030 

0.034 

Kentucky soils 







45. Lexington. 

44 80 

0 000 

0 015 

0.016 

0.016 

.0.020 

46. Greenville. . 

45 80 

0 006 

0 009 

0 015 

0.033 


Georgia soils 







47. Norfolk fine sandy loamt- 

50 00 

0 009 

0.012 

0 012 

0.016 

0.015 


* Samples taken to depth of 8 inches unless otherwise stated. 

t Soil under irrigation. 

t See description for depth of sampling. 

§ Maintain^ at morn temperature. 

There are some very interesting and indeed fundamental indications in. 
these results. It hai l^g been considered that soils under arid or semi-arid 
conditions contain more readily soluble material than soils from other r^ons. 
While^ as shown by various investigators, the amount of-water-soluble salts 
in such soils is often quite high, the datd presented show that after this mate^ 
rial is removed by washing, the rate of formation of soluble products is com¬ 
paratively slow. 

If the soils are grouped with respect to the precipitation to whidi they are 
subjected and an average freezing-potnt ^pretskm found for each group, 
tftkiwg into consideration the 5 and 10-day periods only, the data of table 2 
are obtained. 
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Since some df the groups contain only a small number of soils and some con¬ 
tain a number of sands which appear to be less reactive than the heavier 
dasaes, too much significance cannot be attached to these averages. However, 
the data are quite suggestive in that soils from regions of quite low rainfall 
and from regions of excessive precipitation appear to have a lower rate of solu¬ 
bility than those from regions of intermediate precipitation. 


TABLE 2 

CmpQ/roUve rate of sMiUty of soils from regions of different ^ecipilation when maintaimd 

alZPC. 


AMKUAL PUCmTATION 

niMmo>voiHT DiraxssioN 

5 dayi | 

lOdtjrs 

Below 20 inches . . 


•c. 

0.0107 

20to30inche8. 


0.0287 

30 to 35 inches. . 


0.0180 

35 to 40 inches. . — 


0.0200 

40 to 50 inches. . . 


0.0143 


If a comparison is made between the soils derived from glacial material, 
the soils from the far west and the soils south of the glacial belt, the data of 
table 3 are obtained. 

TABLE 3 


Comparative rate of solubility of soils from the glaciated^ western and southern portions of the 
United Statesf when mainatined at 25^C. 



nLxxsxNo-pomT omtzsixoir 

5 days 

todays 


•c. 

•c. 

Western soils. 

0 0067 

0.0107 

Glacial soils. 

0.0129 

0 0200 

Southern soils. 

0.0148 

0.0206 


These results are interesting in that they show the western soils, or those 
chiefly formed by the processes of disintegration rather than of decomposition, 
are much slower in their rate of formation of soluble material than soils from 
the glaciated portions of the United States. This is somewhat at variance 
with earlier teachings. 

It is also interesting to note that the glacial soils have practically the same 
rate of solubility as the soils from the ungladated areas. This is al^ contrary 
to the genemjly accepted idea. There may be some doubt as to whether the 
soils from Kansas receiving iq>proximatdy 30 inches of precipitation and 
those from Teaas receiving a rainfall of oidy 21 inches should be put in the 
same group with the other southern soils wMch are subject to high predpita- 
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tion. Should these soils be omitted the results lor the S-day period become 13.9 
instead of 14.8, and for the 10-dajr period 19.8 in place of 20.0. The mdusion 
of the data from these soils therefore makes no appreciable difference in the 
ultimate results. 

Subsoils 

The rate of formation of soluble material in a number of subsoils was studied 
in the same manner as described for the surface soils. The data obtained, 
together with the annual precipitation to which the soils are subjected, are 
presented in table 4. 

TABLE 4 

Rate of formation of solJtle material in subsoils* from different regions of the United States, 
when maintained at 25*C, 


ANNUAL 


VKEXnNO-POINT DKPUSSION 


PRSCimA- 



TION 

0 days 

5 days 

lOdayB 

1 30 days 

60 days 






mm 

mm 

mm 

mm 

•c. 

•c. 

1. Cochise, Aiizona . 


0.000 

0 004 

0.004 

0 006 

0 006 



2. Tucson, Arizona . . . 

12 00 

0 008 

0.030 

0 028 

0 035 

0 043 



3. Nevada Agricultural 









CoUege. 

8 30 

0 000 

0 008 

0 008 

0 010 




4. Whittier, California, clay 









loam 1 to 2 ft. 

13.00 

0 001 

0 002 

0.003 

0 007 




5. Riverside, California 









sandy loam 1 to 2 ft... 

10 00 

0 000 

0 003 

0 002 

0 003 




6. Lind, Washington. 

9.50 

0 000 

0.008 

0.007 

0.007 

0.007 



7. Pullman, Washington. 

21.64 

0.000 

0.003 

0 007 

0.004 

0.000 



8. Spur, Texas ... 

21.00 

0 000 

0 007 

0.024 

0 017 

0 012 



9. Lubbock, Texas. 

21 00 

0 000 

0 007 

0 008 

0 015 

0 010 



9a. Lubbock, Texas, sub- 









soil 2. 

21.00 

0.000 

0.006 

0 018 

0 017 

0 015 



33. Chillicothe, Texas. 

26 29 

0 000 

0 003 

0.006 

0 003 

0 002 



FrankUn County, Ohio 









40. Clyde sUty clay loam 

38 00 

0 000 

0 002 

0 002 

0 006 

0 004 



41. Ellsworth silt loam. 

38 80 

0 000 

0 005 

0 000 

0 009 

0 005 



42. Miami silty clay 









loam. 

38 80 

0 000 

0 008 

0.009 

0 on 

0.017 



45. Lexington, Ken¬ 









tucky, 12 to 24 inches. 

44 80 

0.000 

0 005 

0 005 

0 006 

0 002 



46. Greensville, Ken¬ 









tucky, 12 to 24 inches 

45 80 

0 000 

0.001 

Q 004 

0.003 






Odayt 

Iday 

4 days 

10 days 

20 days 

4&days 

60 days 

Michigan soils 



i 






15. Miami silt loam.... 

30 99 

0 003 



mny 



0.012 

16. Miami silt loam ... 

30 99 







0 000 

17. Miami very fine 









sandy loam. 

30.99 

0.000 






0.017 

19. Clyde silt loam. ... 

30.99 





0 012] 


0.007 

20. Miami sandy loam.. 

30.99 

o.ooc^ 


QQI 

Qjijl 



0.000 


Depth of Mmpling from 2 to 3 feet unleai otherwise stated, 
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These data slnm that the n^e ot formation of aduUe lubstaiices is quite 
tiowinpractk^UyeUsub!^ material from which thqr w«re 

derived or the climatic conditions to which they have been subjected. The 
only notable exception to this observation is the sample from Tucson, Arieona, 
and since this is a river-bottom soil the abnormal behavior is not suiprising. 

This lack of solul^ty of subsoils is of interest in the discussion of the ques¬ 
tion as to how much of their mineral plant-food elements plants draw from the 
lower strata of the soil. It also opens the question as to whether the greater 
solubility of material in the surface soil is due to the presence of organic mat¬ 
ter or to a more advanced condition of decay of the mineral constituents. 

0 

SohMltiy of very old soils 

In the dassihcation of soils Professor Marbut lays much emphasis on age. 
There are in the United States certain areas of soil which are recognized as 
extremely old, that is, from the standpoint of weathering, and in the present 
study it was considered very desirable to include some such samples. The 
specimens used were furnished by the Bureau of Soils. The procedure was 
the same as described above. 


TABLF s 

Rate of formaHon of soluble material in soils which have undergone extreme weathering^ main^ 

tainod at ZS^C 


ntnziNO-poiirr DiniBsxoN 



Odayt 



10 days 

SOdayii 

SOdaya 


X. 

•c. 

X. 

•c. 

X, 

X. 

48. Tennessee Boils 







Lebanon silt loam 







Surface 8 inches... 

■jam 





0.010 

Subsoils to 25 inches. . .. 


HTOj 




0.002 

49. Hagerstown silt loam 8 inches. 

50. Alabama soils 

K 

|B 

E 

B 

H 

0.011 

Rushton fine sandy loam 







Surface 10 inches . . 





0.004 

0.000 

Subsoil 10 to 36 inches 






0.002 

51. Orangeburg fine sandy loam 10 inches . . 







Subsoil 10 to 36 inches. 

E 

E 

JSEm 

E 





The data of table 5 are very interesting in that an extremely low solubilitv 
is diown. The indications are that soils may be less active because of lack of 
weathering on the one hand and extreme weathering on the other. The rate 
of formation of soluble substances in parent glacial material is being investi¬ 
gated and may throw additional light on this question. 
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CmparcHve soMnlUy of the separates composing the various soil dosses 

In a study of the solubility of ^ik the question naturally arises whether the 
soluble material is derived from all the particles or largely from the smaller 
separates. To throw some light on this phase of the problem a number of 
soils were divided into their separates and the solubility of each group of par¬ 
ticles determined by the same procedure as was used for the soils. The 
coarser separates were obtained by passing the soil through a series of screens. 
Each portion was thoroughly rubbed with a rubber-tipped pestle to insure the 
crushing of all crumbs. In addition, after placing the samples in the freezing 
tubes, all fine material was removed by thoroughly shaking with distilled 
water and decanting the turbid liquid. The very fine sand was separated from 
the silt and clay by sedimentation. The decanted liquid bearing the silt and 
clay was allowed to stand about 18 hours and the sediment taken for the por¬ 
tion designated as sik and clay. No attempt was made to separate the silt 
and day since this would involve so much washing that it was feared the re¬ 
sults would be vitiated. The writers realize that these separations were not 
perfect but are of the opinion that they were sufficiently accurate to warrant 
the conclusions drawn from the data. 

Table 6 contains the data obtained for the 1,4,10,20,40, and 60-day periods. 

An examination of the above data reveals the fact that all the separates 
except the silt and clay have a very low rate of solubility. Moreover, it seems 
that the sands from the arid regions are not appreciably more active in this 
respect than are those from others. Of course, larger numbers of soils should 
be run in order definitely to establish this point and additional information will 
be furnished later. In this connection the work of Failycr (3), Hall and Rus¬ 
sell (4), Loughridge (5), Puchner (8), McCaughey and William (6) and others 
on the mineralogical and chemical composition of the separates from various 
soils, is of extreme interest. 

This greater solubility of the finer separates may be due to one or more of 
several causes. Possibly the greater surface exposed bi' these minute par¬ 
ticles explains the greater rate at which they give up material to solution. On 
the other hand, a considerable quantity of salts may be adsorbed by these 
bodies which are given up at various rates when the particles are subjected to 
treatment with pure jvater. That adsorption enters into the reaction is indi¬ 
cated by the reversion or decrease in the amount of soluble material after a 
maximum concentration has been reached, which is observed in many cases. 
It may be true also, that these smaller prides are more completely oxidized, 
hydrated, or weathered,” and therefore arc in reality more higUy soluble 
than the coarser particles. 
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TABLE 6 

Rak of formaiion of sohMe maioHal in the various so^arates composing a number of soils from 
Pifforonl regions of the United Sfatest meintainod at 25^C, 

























































TABL£ 



Coanesand. 

Medium sand. 

Fine sand. 

Veiy fine sand. 

Silt and clay. 

Greenvilhf Kentucky 

Very fine sand. 

Silt and clay. 

Lexington, Kentucky 

Coarse sand. 

Medium sand. 

Fine sand. 

Very fine sand. 

Silt and clay. 

Michigan, Miami very fine sand 

Coarse sand. 

Medium sand. 

Fine sand. 

Very fine sand. 

Silt and clay. 

Michigan, Miami very light sandy loam 

Coarse sand. 

Medium sand. 

Fine sand. 

Very fine sand. 

Silt and clay. 

Michigan, Clyde light silt loam 

Coarse sand. 

Medium sand. 

Fine sand. 

Very fine sand. 

Silt and clay. 

Michigan, Miami silt loam 

Coarse sand. 

Medium sand. 

Fine sand. 

Very fine sand. 

Silt and clay...... 

Michigan, Miami sU/idy loam 

Coarse sand. 

Medium sand. 

Flue sand. 

Very fine sand. 

Silt and day. 



2; 
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Effect of grindmg an Ae soMUity of the separates 

In order to gain some idea of the cadse of this greater solubility a number 
of the coarser separates were ground as finely as could be done conveniently. 
The grinding was done in a mill with steel burrs which was set so that all t^ 
material was small enough to pass a 200-mesh screen. 

The separates to be ground were first washed with distilled water until the 
freezing-point depression was practically zero. As will be observed from the 

TABLE 7 

EJfsci of grindmg tko coarser separates on the rate of formation of soluble material, with the 
_ __ temp erature maintained at Z$^C. _ 

I numaco-toDiT osntBMioM 

•Anns AND fXMSAn OftODND 
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Effect of treatment with sodium niirate on the solubUity of soil separates 

In the work of Bouyoucos and I^udeman (2) it was found when soils were 
treated with various ^ts in solution and then washed until the concentration 
of the soil solution was practically zero^ that the subsequent rate of formation 

TABLES 

Effect of UoaSmotU with OJ N NaNOt on the sokMUty of the coarser soil separates, maintained 

at2$^C, 
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TABLE S-CmHAnm^ 








mm 

rajH 

eodsgw 

Very fine sand 

•c. 

•c. 

*C. 

X. 

X. 

•c. 

T, 

Coanesand. 


0.001 

0.001 


0.006 


0.004 

Medium sand. 


0.002 

EES 

0.003 

0.007 

0.007 

0.005 

Fine sand. 



0.004 

0.003 


0.007 

0.006 

Very fine sand. 

im!?!! 

0.003 

0.008 

nm 


0.009 

0.006 

Loam 





mm 



Coarse sand. 

0 000 

0.005 

0.008 

EEE 



0.012 

Medium sand. 

0.000 


0.007 

0.007 


0.007 

0.009 

Fine sand. 

0.000 

0.009 

0.007 

0.007 

nEit!! 


0.008 

Very fine sand. 

0.000 


EEZ 


0.012 


0.012 

SUt loam 


■1 






Coarse sand. 

0000 

B 


0.007 

0.003 

0.005 

0.003 

Medium sand«. 

0 000 



0.007 

0 004 

0 007 

0.002 

Fine sand. 

0.000 

EES 

EES 

0.006 

0 003 

0.006 

0.006 

Very fine sand. 

0.000 

0.006 

0.003 

0 009 

0.006 

0.010 

0.008 


of soluble material was much affected. Some salts markedly increased the 
rate of solubility while others decreased it. Of the salts tested, sodium nitrate 
was found to be most active in increasing the rate of solution. It was deter¬ 
mined, therefore, to treat the coarser separates of a number of soils with a solu¬ 
tion of sodium nitrate. The procedure was as follows. The separates were 
allowed to stand 24 hours in an 0.1 iV solution of sodium nitrate, after which 
they were washed with distilled water until the freezing-point depression was 
practically zero. The samples were then placed in tubes in a 25®C. chamber 
and the freezing point determined at given intervals in the usual manner. 

The formation of soluble material is evidently stimulated by treatment 
with NaNOs. This is not only true for the very fine sand but also for the 
coarser separates such as a medium sand. The action seems to be quite rapid, 
as in most cases the major part of the increase occurs within 24 hours. In the 
case of some soils*, however, the effect is more or less continuous to the end of 
the 60-day period. In general, the separates from the western soils were 
affected somewhat more than the others studied. 


SXTiOCAJtY 

Comparative rates of formation of soluble substances in surface and subsoOs 
collected from widely separated areas in the United States have been made. 
Contrary to popular belid it cannot be said from these results that soUs formed 
under conditions of low precipitation are more soluble than are those that have 
proceeded somewhat farther in their weathering. Samples of soil taken from 
formations thathave undergone extreme weathering are very inert. It seems, 
therefore, that so-called new soils are less active than those somewhat older, and 
the aged soils are almost inert. 
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The subsoils taken from all regions formed soluble salts very dowly. Our 
investigations on the soluble-salt content of soils at different depths and periods 
of the growing season have shown klso that there is very little activity in field 
soib below six inches, that is, in the vicinity of East Lansing, Michigan. 

Soil separates comprising a number of soils have been isolated and their 
activities determined. These results bring out that the finer separates, silt 
and clay, are responsible chiefly for the formation of soluble salts in the sam¬ 
ples of soils imder investigations. The sandy particles are very inactive and 
it cannot be concluded that those taken from soils of arid regions are notably 
less so than are the others investigated. 

Grinding the separates measurably increased their solubility. UsuaUy only 
slight .increases in the material going into solution were observed after the 
first 24-hour period. 

When the separates were treated with 0.1 JV NaNOs and then washed until 
free of soluble material the rate of formation of soluble substances was meas¬ 
urably affected. Those from the western soils responded somewhat more 
than the others. 
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One of the theories to explain why soils are or become infertile is the soil 
toxin theory which assumes that the failure of crops to grow on a soil is due 
to the presence of organic material in the soil which is injurious to the plants. 
Organic compounds exceedingly injurious to plants have been isolated from 
the soil. Among these compounds are the aldehydes, vanillin (10) and salicyl¬ 
ic aldehyde (9). It has been shown that in at least some Alabama soils, 
the addition of vanillin has almost no injurious effects on plants (3) because it 
is rapidly destroyed by soil bacteria (4). It has also been shown that this is 
true of other soils to which the addition of vanillin has little or no effect on 
the growth of plants (6). It is true of some soils, however, that although the 
vanillin-destroying bacteria are present, added vanillin will persist and evi¬ 
dence its injurious effects on the growth of plants lor a considerable period of 
time (6,11). This persistence must be due to conditions which prevent the 
bacteria from acting on vanillin. In the present paper a study is made in solu¬ 
tion cultures of the effect of certain conditions such as acidity, alkalinity, 
aeration and mineral salts on the decomposition of vanillin. The experi¬ 
mental work was performed in 1916 and the results, though fragmentary, are 
presented because conditions have prevented further investigation by the 
writers. 

In order to stuffy f^his question the vanillin-destroying bacterium isolated 
from Albania soil was grown in synthetic culture solutions. What appears 
to be the same organism has also been isolated from Nebraska, New York 
and Virginia soils: 

No complete study of this organism has been made. It is characterized by 
its ability to destroy vanillin and by its, growth on beef-extract agar. On 
beef-extract agar, plus 1, it produces a cheesy yellow growth, wrinkled on the 
surface, and stains the medium yellow. It is aerobic, liquifies gelatine grows 
moderately on potato and developes in peptone solutions containing mirose, 
lactose, saccharose or glycexine without gas formation. It clears milk without 
coagulation. 

No attempt has been made to determine how many species of bacteria 
there are which destroy vanillin. Two spedes have b^n isolated from the 
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8oi!^ the one already referred to above and a second which produces no pig* 
ment on beef-extract agar. It is t^eved, however, that the ability to destroy 
vanillin is not a common property of soil bacteria and that the number of 
^pedes which have the ability is limited. 

DETERIONAIION OF VANILLIN 

Early in the study of the action on vanillin of the vanillin-destroying bac¬ 
terium described above, it was found that the determination of the amount 
of vanillin by the method used was unreliable. The method first used was 
that described by Folin and Denis (2) with clarification by the lead acetate 
omitted. This method requires a reagent composed of phosphoric acid, 
sodium tungstate and phospho-molybdic add and is referred to by them as 
the phenol reagent. On the addition of a saturated sodium carbonate solu¬ 
tion, it produces with vanillin a deep blue solution, the depth of the color 
varying directly with the amount of vanillin present. Using the phenol 
reagent to determine the amount of vanillin in a S3aithetic nutrient solution 
in which the vanillin-destroying bacterium had grown, it was sometimes 
found that apparently more vanillin was present after the action of the bac¬ 
terium than had been originally added. In some cases, twice as much vanillin 
was apparently formed in the inoculated culture as was present in an uninocu¬ 
lated, or check culture. 

In an attempt to dear up this contradiction, the add nitrate of mercury 
described by Estes (1) was used for determining vanillin. This reagent pro¬ 
duces with vanillin a pink color, the depth of color varying directly with the 
amount of vanillin .present. It was found that, determined by this means, 
the amount of vanillin progressively decreased in a synthetic nutrient solution 
containing vanillin and inoculated with a pure culture of the vanillin-destroy¬ 
ing bacteria. 

On further mvestigation, it was found that the anomalous results secured 
by the use of the phenol reagent were due to the fact that the bacterium 
oxidizes vanillin to vanillic acid (5) which produces a blue color with the 
phenol reagent 1.5-2.0 times as strong as is produced by an equal amount of 
vanillin. The depth of color yielded by a mixture of vanillin and vanillic 
add with the phenol reagent, therefore, is the result of the color produced by 
both the vanillin and vanillic add. The color production of vanillic add 
with the Estes reagent however, is very slight so that vanillin can be deter¬ 
mined in a mixture of vanillin and va^c add by the use of that reagent. 
Add nitrate of mercury was therefore used for the determination of vanillin 
in the experiments reported below.^ 

^ It b ptobahb that, by the use of lead acetate, a solution contaixdng both vanilUn and 
vanillic a^ oouldbe fteed of the vanillic add as it b precipitated by lead acetate in thepres- 
cnoe of awmoniat The phenol reagent could then be used for the detennination of the 
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EFFECT OF ACIDITY AND ALKALINITY ON THE DECOMPOSITION OF VANILLIN 

In determining the effect of acidity and alkalinity on the destruction of 
vanillin, the following nutrient solution was used: 


K 1 SO 4 . 0.0340 gm. 

Nal^Oi. 0.1000 gm. 

CaHiCPOOi. 0,0710 gm. 

Distilled Water. 3000 cc. 

Vanillin. .As indicated 


The solution was neutralized to phenolphthalein with NaOH, and aliquot 
parts made acid and alkaline with HCl and NaOH as noted in table 1. Forty 
cubic centimeters of solution were placed in 150-Cc. Erlenmeyer flasks 
and after sterilization, 10 cc. of a sterile vanillin solution were added to each 
flask.* The organisms were allowed to grow 4 days at room temperature 
when the vanillin was determined by means of the acid nitrate of mercury 
reagent. Previous to the determination of the vanillin, the contents of each 
flask were neutralized. 

TABLE 1 


Efect of HCl and NaOH on the decomposition of vaniUin 


ADDITIONS PER 100 CC. OT SODITTION 

VANILLIN RlMAUmrO IN 
CDLTD&S SOLimON AT SND 
OT 4 DAYS 


p.p.m. 

10 CC. 0.1 N NaOH. 

260.0 

5 cc. 0.1 AT NaOH. . 

41.6 

2 cc. 0.1 N NaOH. 

24.0 

1 cc. 0.1 N NaOH. 

23.6 

Neutral to phenolphthalein. 

28.0 

lcc.0.1ArHCl. 

274.0 

2 cc. 0.1 NHCl. 

226.0 

Checks, uninoculated. 

241.6 ‘ 


In this experim^t which is the average of duplicate cultures, 1 cc. of 0.1 
N HCl per 100 cc. was sufficient to inhibit the growth and action of the bac¬ 
terium on vanillin. Between 5 and 10 cc. of 0.1 N NaOH were required, 
however, to stop its action. In this connection, it should be noted that Skinner 
and Noll (12) report that on unproductive soil the toxic effects of vanillin are 
overcome by lixning. Truog and Sykora (13) also found-that in an infertile 
acid sand, the poisonous action of the vanillin was greatly lessened by the 
addition of lime. A study of the relation of h 3 rdrogeD-ion concentration to 
the decomposition of vanillin in solution cultures and sand should be made. 

* Ihb method of adding vanillin In solution after sterilisation was used throughout when 
quantitative work was done, as it eliminated any danger of lack of uniformity In vanillin 
content of the flasks due to sterilisation. 
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SltECT OF AF&AnOM ON THE RATE OF BSCOMPOSmOM OF VANUXtN 

WhOe studying the fonnation of the decompositioh products of vanillin, 
it was observed that in a 2-liter Erlenmeyer dask containing 250 cc. of nu¬ 
trient solution, the vanillin as tested for by the acid nitrate of mercury would 
disappear in three or four days. In the same flask, however, containing 1000 
cc. of solution, vanillin was present after 3 weeks. Ihe depth of solution in 
this case was about 7 cm. This diflerence was thought to be due to aeration. 
It should be noted, however, that the flask in which the slower digestion 
occurred had four times as much vanillin in it though the concentrations 
were the same. 

To determine more definitely the effect of the depth of the solution on the 
rate of the disappearance of vanillin under the action of the vanillin-destroy¬ 
ing bacterium, e3q>eriments were conducted in which 50 cc. of nutrient solu¬ 
tion, made —0.2 Fuller’s scale with NaOH, were placed in 2.5 by 25-cm. 
test-tubes and 150-cc. Erlenmeyer flasks. The quantity and composition of 


TABLE 2 

Effect of aeration on the rate of dfgesHon of vaniUtn 
Depth of solution in flask about 2 cm, in tube about 12 to 14 cm 


Tim non 

XKocmjmcnv 

VANILLIN IN FLASK 

VANILLIN IN TUBE 

Check not moculatedj 

Inoculated 

Check not inoculated 

Inoculated 

days 


ppm 

ppm 

ppm 

3 

HESH 

lOS 

226 


5 


24 

220 

78 

7 

306 

8 

292 

40 

9 

234 

0 

224 

34 

11 
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the solution in both tubes and flasks were identical but in the tubes the depth 
of solution was 12 to 14 cm. with a diameter at the surface of the liquid of 
2.5 cm. while in the flask the depth was about 2.0 cm. and the diameter at 
the surface of the liquid was 6.5 cm. 

It is evident from the data in table 2 that the depth of the solution and the 
area of liquid surface exposed affect the rate of the decomposition of vanillin 
by this bacterium. The more rapid decomposition occurs in the flask where 
the depth of the solution is one-sixth of that in the tube and the liquid surface 
exposed is 2) times as great. This difference is no doubt due to the freer 
supply of oxygen offered in the case of the flask and is what woiAd be expected 
when the destruction of vanillin by the organism is known to be an oxidative 
process. 


XHE EFFECT (ft' FERTILIZER SALTS OX THE DE(X)MPOSITION OF VANILUN 

It has been shown by Schreiner and Skinner (8) that fertilizer salts affect 
the toxicity of vanillin to wheat. The effects of calcium add phosphate, 
sodium nitrate and potassium sulfate singly and in many combinations on 
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the toxicity of vanillin were studied by these investigators. The growth of 
wheat plants in culture solution^ respectively high in phosphate, nitrate or 
potash and containing vanillin, showed that the vanillin depressed the growth 
least in the cultures high in nitrate and most in the cultures high in potash. 

The writers have attempted to discover whether the same fertiliser salts 
have any effect on the rate at which vanillin is decomposed by the bacterium 
used in this investi^tion. The triangular diagram as used in physical chem¬ 
istry was employed and the results are presented by its means. Monobasic 
calcium acid phosphate, sodium nitrate and potassium sulfate were used in 
15 different combinations and in such concentrations that each culture solu« 
tion contained a total concentration of 80 parts per million of P 1 O 5 , NHt and 
KsO. The mineral combinations used in parts per million of KiO, P«Ok and 
NHs were as follows: 



KK) 

PiO, 

NH» 

1 

0 

80 

0 

2 

0 

60 

20 

3 

0 

40 

40 

4 

0 

20 

60 

5 

0 

0 

80 

6 

20 

60 

0 

7 

20 

40 

20 

8 

20 

20 

40 

9 

20 

0 

60 

10 

40 

40 

0 

11 

40 

20 

20 

12 

40 

0 

40 

13 

60 

20 

0 

14 

60 

0 

20 

15 

80 

0 

0 


In preparing the. culture solution sufficient of each of the three chemically 
pure salts was dissolved in distilled water to produce solutions containing 
100 parts per million of P 1 O 5 and KaO, respectively. 

This required: 

0.1776 gm. of CaHiCPOdi-HsO per liter 
0.5000 gm. of NaNOf per liter 
0.1852 gm. of it 9 S 04 per liter 

To prepare solution no. 1,40 cc. of the CaH 4 (P 04)2 wereplaced in a 150-cc. 
Erlenmeyer flask and after sterilization 10 cc. of a sterile vanillin solution 
were added, m aking a total of 50 cc. To prepare solution no. 7,10 cc. of the 
KtS 04 , 20 cc. of the CaH 4 (P 04 )s and 10 cc. of the NaNQi stock sdiUtion were 
placed in a 150-cc. Erlenmeyer flask and after sterilization, 10 cc. of a 
sterile vanillin solution were added. 

Three sqiarate experim^ts were perfocmecL In each experiment the oom- 
bmations of CaH4(P04)s, KsS04 and NaNQi noted above were used. The 
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€<mce&tration of vanillm was uniform throughout a series. In e]q)eriment 1 
(see table 3), 15(kx. Erienmeyer flasks containing 50 cc. of solution were 
aied and the concentration of vanillin was 508 parts per mlUioru In experi¬ 
ment 2, the same containers and amount of solution were used but the e}q>eri- 
ment was performed in duplicate and the concentration of vanillin was 296 
parts per million. In ejqperiment 3,50 cc. of solution were used in test-tubes 
approximatdy 2.5 by 25 cm. and the concentration of vsLnillin was 260 parts 
per minion. Growth occurred at room temperature, the time varying with 
the experiment from 3 to 5 da 3 rs. At the close of the experiment, the residual 
vanillin was determined by means of the acid nitrate of mercury reagent. 

TABLES 

Effect of fertiUeer salts on the rate of decomposition of vaniUin 
vAxaxm KKMAomto ut cmjmn 



Experimeot I 

Experiment 11 

Experiment m 

Average 


ppm 

p.p m. 

PPM. 

p.p.m. 

1 

48 0 

148 0 

37.0 

77.6 

2 

18 8 


60 0 

62.3 

3 

16 8 

102.0 


72.9 

4 

32.0 

114 0 

96 0 

80.6 

5 

19 2 

180 0 

128 0 

109.1 

6 

56 4 

110 0 


83.2 

7 

40 4 

116 0 

62 0 

72.8 

8 

167.6 

118 0 

118 0 

134.5 

9 

166 0 

152 0 


132.0 

10 

532 0* 


188 0 

147 0 

11 

Trace 


254 0* 


12 

176 0 

160 0 

228 0 

188.0 

13 , 


146 0 

36 0 

87 3 

14 

54 0 

242.0 

12 0 


15 

160 8 

146 0 

156 0 

154 3 

Checks 

508 0 

296 0 

260 0 

354 7 


* No decomposition. Omitted from averages. 


The results indicate that the decomposition of vanillin proceeds most 
rapidly in those combinations of salts high in CaHiCPOi)!. The complete 
data are given in table 3 where the amount of vanillin in parts per million 
remaining in each culture solution at the end of the experiment is given. 

Using the averages for the three experiments given in column 4 of table 3, 
the total of the amounts of vanillin remaining in all those combinations d 
salts containing 50 per cent of CaHiCPOs)! or more, is 515.8 parts per million; 
in all those combinations of salts containing 50 per cent of NaNQs or more, 
h 717.1 parts per million; and in all those combinations containing 50 per 
cent of KsSOt or more, is 744.3 parts per million. 

It is evident that the decomposition of vanillin in these experiments pro¬ 
ceeds most rapidly in the cultures high in CaHiCPOi)! and least mindly in 
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the cultures Ugh in KfSOi. This fact is shown grapUcally in figure 1. The 
15 cultures are hare arranged on triangular diagram. Each drde on the 
diagranl represents a culture, the upper numbers indicating the solution and the 
lower numbers the amount of vanillin remaining in the solution after the action 
of the batteria. The solutions at the comers of the diagram contain one salt 
only; cultures 1,5 and 15 containing Ca^CPOOa; NaNOs and KtSOi, respec- 
t 2 vdy« The cultures on the sides of the diagram contain combinations of two of 



the salts and the cultures within the diagram contain combinations of the three 
salts in the proportions indicated earliar. An examination of the amounts of 
residual vanillin in the cultures shows that the smallest ausounts are located 
in the comer of the triangle where the concentration of phosphate is highest 
This is indicated in the figure by surrounding all those cidtures containing less 
than 80 parts per million of residual vanillin by a line. 

Although the effect of CaHt(F 04 )f on the rate of decomposition of vamllin is 
marked, it is impossible at the present stage of the investigation to state 
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the cause of its effect. Several explanatkms are possibk. Itmaybediat the 
balancing effect of tbecalduin on the other salts in the solution perniits a greater 
growth (tf the bacteria and therefore greater digestion of vanillin in those sedu- 
tkms high in calcium. It may be a specific effect of the phosphate radicaL The 
decomposition of vanillin by this organism is an oxidative process. Schreiner 
and Sullivan (7) have shown that phosphates and nitrates increase the oxida¬ 
tive power of roots. In this connection it is interesting to note that the same 
investigators in 8tud3dng the effect of the addition of sodium nitrate, potas¬ 
sium sulfate and calcium add phosphate to the soil on the oxidative power of 
the soil, found that of the three sdts add caldum phosphate produced the 
greatest increase in oxidation in four soils out of ffve (table 15) and was great¬ 
est or second greatest in effect in all but one trial with a second lot of four 
soils (table 14). 

EFFECt OF GLUCOSE ON THE DECOMPOSITION OF VANILLIN 

To determine whether the presence of an easily fermentable carbohydrate 
such as glucose would affect the action of the bacterium on vanillm, experi¬ 
ments were conducted in synthetic nutrient cultures to which both vanillin 
and glucose had been added. It was found that the vanillin and glucose were 
used by the bacterium simultaneously and that the effect of the glucose on 
the destruction of vanillin was not marked. 

DISCUSSION 

In the work of which the present paper is the fourth report, we have tried 
to determine why organic toxic compounds were injurious to plants when 
added to some soils but not injurious when added to others. Previous inves¬ 
tigators have assigned the more important role in the amelioration of the toxic 
effect of organic compounds to the physical action of the soil, to the chemical 
reactions which take place in the soil between the toxins and soil constituents 
or to the oxidative and reducing ability of plant roots. We have found that 
by far the most important role in the amelioration of the toxicity of organic 
compounds in the soil is played by the destructive action of soil microorgan¬ 
isms; in some cases by the action of specific bacteria. It is a well recognized 
fact that the ability to destroy some organic compounds is not a common 
property of all bacteria but for many organic compounds there are a limited 
number of species which have the power of destroying them. The complete 
distintegration of a mass of dead plants or animals is not accomplished by 
one iqiedes of microorganisms but is accomplished by the successive action 
of many. One group acts on the end-products of another. If at any stage 
the suitable 0<|anuans are not present or conditions are such that they can¬ 
not a^ the material whi^ they usually break down will accumulate. 

may be only temporary, disappearing with a diange in 
ccMIpl^^ % it may be more permanent, as in humus fonnation and the 
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fonoalikm of peat. But in any case, the destruction or accumulation is 
basically a function of the action of microorganisms. 

While it is impossible to apply too strictly to the soil the results from solu¬ 
tion cultures, we have shown in the present paper that alkalinity and good 
aeration favor the destruction of vaniUin, because of their effect on the action 
of the vanillin-destro 3 ring bacteria on vanillin. We have also shown that 
some of the salts commonly used as fertilizer elements affect the rate at which 
vanillin is destroyed by bacteria. If it can be shown that the opposite condi¬ 
tions, acidity, poor aeration and the abundance or deficiency of some mineral 
salts allow the formation of vanillin to proceed, then the conditions for its 
accumulation and action as a factor in soil fertility are defined. 

SUMMARY 

1. It is believed that the number of species of soil bacteria able to destroy 
vanillin is limited. 

2. Slight concentrations of HCl inhibit the action on vanillin of the soil 
bacterium studied. 

3. Aeration favors the destruction of vanillin by the organism used. 

4. In solution cultures containing CaH 4 (P 04 ) 2 , NaNOa and KaSOa singly 
or in combination and inoculated with the bacterium used, vanillin is de¬ 
stroyed most rapidly in those solutions high in CaH 4 (P 04)2 and least rapidly 
in the solutions high in K2SO4. 

5. The presence of glucose has no marked effect on the rate at which 
vanillin is destroyed by the bacterium used. 
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NOTES ON IHE CONFERENCE ON ELEMENTARY SOIL TEACHING, 
HELD AT LEXINGTON, KENTUCKY, JUNE, 1920 

P £ KARRAKER, Secretary 
Umverstty of Kentucky^ LexingtoUt Kentucky 

Representatives of the agronomy or soils departments of sixteen state agri¬ 
cultural colleges met at the University of Kentucky on June 23, 24, and 25 
to discuss the teaching of the first, or general, soil courses. The entire field 
of the teaching of these courses was considered but the attention of the con¬ 
ference was directed in particular to the securing of greater uniformity in the 
giving of the work in the various colleges and to the determination of what 
should properly constitute the laboratory part of this work. 

The conference unanimously recommended that the first, or elementary, 
soils work should be given in a uniform general course dealing largely with 
the scientific principles underlying the successful management of soils with 
such practical application as good teaching and local conditions demand; this 
course to be required of all agricultural students, to be taken in the sophomore 
year when practicable, and to carry approximately 5 semester hours credit. 

The minimum prerequisites recommended for this course were one year of 
general inorganic chemistry, one term of general geology and either high- 
school or college ph 3 rsics. 

Further recommendations were that the subject matter of the course should 
be presented in well correlated lecture, recitation and laboratory work, that 
at least three-fifths of the time should be spent in lecture and recitation, and 
that it is desirable that a standard text book be used. 

A suggested general outline of laboratory exercises was worked out. In 
this out^, for the most part, the conunon stock exerdses are omitted. 
Exercises involving mainly quantitative work also are largely omitted if the 
laboratory work is ^iumfined to one credit hour per week. 

The advantages of such a course, as brought out in the discussion, are that 
the student is enabled to obtain, a survey of the entire subject in one course, 
that the preparation of standard text books, illustrative material, and standard 
laboratory equipment will be made possible and that transfer of credits from 
one institution to another will be fadlitatedL 

The institutions r^resented at the conference were: University of Mary¬ 
land, Georgia State College of Agriculture, Louisiana State University, Uni-' 
versity of Kentucky, Pennsylvania State College, University of Tennessee, 
Comdl University, Montana State Collage^ University of Missouri, Univer¬ 
sity d Illinois, A. k M. College of Texas, Michigan Agricultural Collie, 
Univeriity of Vermont, Ohio State University, Virginia Polytechnic Institute, 
Univerdty of Nevada. 
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NITROGEN ECX)NOMY IN THE SOIL AS INFLUENCED BY 
VARIOUS CROPS GROWN UNDER CONTROL 
CONDITIONS 
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Sou Bacteriological InvosUgations, Bureau of Plant Industry, United States Department of 

Agriculture 

Received for publication July 14, 1920 

During recent years and especially under present conditions, the high price 
of fertilizer constituents has necessitated in some cases other means of main¬ 
taining the fertility of the soil than by applying the customary amounts of 
commercial fertilizer. The constituent that this paper has to deal with, viz., 
nitrogen, has become quite expensive; consequently more and more attention 
is devoted to efforts to maintain the nitrogen supply in the soil through 
various cultural practices. 

One practice, which is a very ancient one, is the growing of various legumi¬ 
nous crops as green manure to be plowed imder. That leguminous crops when 
plowed under always add nitrogen to the soil in excess of that removed by the 
crop in its growth has apparently seldom been questioned. Likewise, it 
apparently has generally been taken for granted that a non-leguminous green 
manure, when turned under, always returns to the soil all the nitrogen that has 
been removed during its growth. 

It is obviously difficult to measure by chemical analysis any slight change 
in the nitrogen content of a field soil following any treatment due to many 
uncontrollable factors. The customary method of measuring the effect of a 
treatment is by comparison in the following crop. In this case evidence does 
not always show that a leguminous green-manure crop turned under gives a 
measurable advantage over a non-leguminous green manure, as A. J. Pieters 
has pointed out in'ttic general summary of his review of American Experiment 
Station Literature on Green Manures (4). It is further claimed by some 
that the legume^ even when harvested and removed from the soil, leaves as 
much nitrogen in the roots left behind as was present in the original soil. 
In other words, it is their claim that the legume in its growth takes from the 
air, through symbiotic fixation by the kgume bacteria, as much nitrogen as 
is found in that part of the plant above the groimd; and th|tt, therefore, whefi 
the plant has been harvested the soil has not been robbed but the,nitrogen 
equilibrium has been maintained. On the contrary C. O. Swanaon (7) reports 
that in a number of alfalfa fields under investigation in Kansas which have 
been cropped continuously for 20 to 30 years, in no field is the nitrogen content 
equal to that in near-by native sod, except in a few instances in the semi* 
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arid portion of the state where it is greater. That there are constantly occur- 
rit^ losses of nitrogen in cultivated soil over and above that removed by oops 
has been brought out by Russell in bis monograph ^‘Soil Conditions and Plant 
Growth’’ (5). At Rothamsted a small pbt of land was isolated in 1870 and 
thereafter kept free from vegetation by hoemg, disturbing the sdl as little 
as possible. This plot was afterward converted into a l 3 r 8 imeter by surround¬ 
ing it with a cement wall and underdraining. The drainage water was ana-, 
lyzed daily. During the last twenty years of the experiment, all analyses 
were made by the same analyst. He found that the soil lost from 1870 to 
1905 nitrogen equivalent to 1050 pounds per acre. He further points out 
that all but 110 pounds of this was recovered as nitrate in the drainage water. 
The remaining 110 pounds was probably dissipated as free nitrogen or ammo¬ 
nia. Shutt (6) reports a loss of nitrogen in a Saskatchewan Prairie soil after 
22 years of cultivation amounting to 2190 pounds per acre. Of this, 700 
pounds were recovered in the crop, thus leaving a dead loss of 1490 pounds. 
Since there is practically no drainage water, probably little of this loss was 
due to leaching. Lipman and Blair (2) and Mooers (3) in their cylinder ex¬ 
periments both report a gradual decrease in nitrogen both under crops and 
under fallow. Some of t^ may be due to leaching, but viewed in the light 
of the ej^)eriment at Rothamsted already mentioned and the work reported 
upon in Uiis paper, it is safe to conclude that in cropped, cultivated, or other¬ 
wise disturb^ soil there is certain loss of nitrogen through volatilization. 
Cultivation is probably responsible for the loss of considerable of the soils’ 
store of nitrogen. The fact can hardly be disputed that the excessive aeration 
incidental to cultivation causes the oxidation of much organic matter and the 
consequent liberation of much nitrogen probably in its elemental form. This 
condition is quite evident in old orchards that have been subjected for a num¬ 
ber of years to dean cultivation. The soil gradually becomes “lifeless” 
through loss of organic matter which must be supplied along with some form 
of nitrogen in increasing amotmts to maintain the original vigor of the trees. 
Results published by the author (8) show a steady loss in total nitrogen in a 
number of instances where soils were kept in the laboratory at optimum mois¬ 
ture content and thoroughly stirred and sampled periodically. 

PLAN Of WOXK 

A series of pot txpenmeats were started by the author at Arlington Farm of 
the United States Department of Agriculture in 1914. The object in view 
was to make a comparative study of the amount of nitrogen removed from the 
soil by representative leguminous and non-l^^uminous crops grown under 
Gontrcd conditions, and of the amount of nitrogen recovered in these crops 
themsdves. In brief, the procedure was as follows. The crops were grown 
in heavy galvanised buckets IS inches in diameter by 13 inches de^. These 
budLets hold from 100 to 120 pounds, d^)ending on the character of the sdl. 
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AH were housed in a cage built of 1-inch iron pipe covered with wire netting. 
The buckets were watered to weight daily with distilled water. Detailed 
description of the construction of the cage and the handling of the containers 
is given in a paper by the author (9) in the Journal of the American Society 
of Agronomy. 

The smi used was first stirred thoroughly by being screened and then shov- 
died over several times on a cement mixing-floor. Equal quantities were then 
weighed out into the containers. A sample of this soil was immediately dried 
out and retained as a dry check. Fallow checks were kept and treated the 
same throughout as planted soils. On reaching maturity each crop was har¬ 
vested close to the surface of the soil, dried, weighed, and ground fine for analy¬ 
sis of total nitrogen. The roots were then screened out of the soil and after 
being dried and ground were returned and thoroughly mixed with the soil in 
each container to allow a uniformly representative sample to be taken for 
nitrogen determination. Samples of soil were then removed and air-dried 
for analysis. The fallow checks were handled and sampled the same as the 
cropped soils. 

All nitrogen results reported constitute the average of two closely agreeing 
determinations on 1-gram samples of crops and 10-gram samples of soil. 
Determinations on crop samples were made by the Gunning method and on 
soil by the Kjeldahl-Gunning-Jodlbauer me^od. With both methods the 
sulfate mixture was used as recommended by Lipman and Sharp (1, p. 648). 
Nitrates were determined by a modification of the Ulch method. This opera¬ 
tion may be briefly described as follows. One hundred grams of air-diy 
soil is shaken at frequent intervals for half an hour with 285 cc. of distilled 
water and 15 cc. of aluminum cream. The extract is then filtered off, meas¬ 
ured and acidulated with 3 cc. of sulfuric add. About 2 gm. of iron dust is 
then added and reduction allowed to take place over-night in the cold. Ap¬ 
proximately 8 gm. of heavy magnesium oxide is then added and ammonia 
distilled off in the usual way. Since only a trace of ammonia was ever found 
in the soil this was not expeUed from the solutions before reduction was started. 

In 1914 the soil used was a clay which had been composted with manure 
and left in a pile fOr several years previous. A quantity of this soil was limed 
and portions representing 45 kgm. when brought to the optimum moisture 
condition were wdig^ied into the containers. The crops grown this season 
were spring oats, barley, rye, kafir com, field com, pearl millet, sugar beets, 
hairy vetch, field peas, and red clover. All were grovm in quadruplicate. 
The number of plants grown per bucket were four of ka&r com, sugar beets, 
and millet; three of com, and ten of all the rest. 

In table 1 is shown the yield expressed in grams of dry matter of the entire 
erq> from each bucket. 

Table 2 and figure 1 show the yield in grains of nitrogen from each crop and 
the grams of nitrogen remaining in the soils after the removal of each crop; 
also the nitrogen found in the fallow check soils and in the dry check whi^ 
represents the nitrogen in the soil at the beginning of the experiment. 
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TABLE 1 

Dry wdgkt rf crops harvested 



94.0 




























MirmoosN EooHoinr in tsb soil 


Vetch. 


Soyheaas. 


Fiddpeas.^ 


2$3. 


TABLE 



81.2 

98.0 

69.0 

61.9 

329.3 


77.5 


320.2 


300.8 

313.7 

337.0 

77.7 

50.1 

10.0 

59.3 


49.3 


From a study of the table and figure the following facts are brought out. 
Millet and com removed practically equal amounts of nitrogen from the soil 
and equal amounts were recovered in the crops; practically as much nitrogen 
being recovered as was originally present in the soil. Kafir com, which pro* 
duced somewhat more dry matter than either millet or com, also removed 
more nitrogen from the soil, however in this case^not so much was recovered 
in the crop. Slightly more nitrogen was recovered from oats than from kafir 
com. Practically the same amount of nitrogen was recovered from wheat, 
barley, rye, beets and clover; this amount being less than with the first’napied 
crops, and about 1 gm. less than was originally present in the soil. Somewhat 
more was recovered from vetch and field peas than in the preceding group. 
With soybeans more nitrogen was recovered than was originally present. 

1. In none of the soils excepting that growing soybeans was as much nitro¬ 
gen recovered as wa5jpresent in the original soil represented by the dry check. 

2 . More nitrogen was lost by some crops than by others. 

3. More nitrogen #as lost from the fallow soils than from any of the cropped 
soils. In the latter most of the nitrogen removed by the crops was recovered. 

4. Among the legumes only soybean plants contained more nitrogen than 
was drawn from the soil, considerable nitrogen in this case being fixed from 
the atmo^here. 

In table 3 is shown the nitrogen as nitrate found in the s^ after harvest 
These results are presmited in parts per million and in grains per bucket 
On comparing these results with those in table 1 it is evident that in every case 
the nitrate found after harvest is indirecdy proportional to the yield of dry 
matter. The largest amount of nitrate was naturally found fai the fallow 
dieck. 
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TABU 2 

TM i$ilroteH rmoMnt im the soil and f teetered in crops after harvest 
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TABLE 


CftorokOWN 


Reddover 


Hairy vetch 


Soybeans. 


Field peas. 


SOIL 

ciors 

XOXAL UntOOBI 
taOOVUKD 

Nitrogen per 
bucket 

Avenge 

nitrogen 

Nitrogen per 
crop 

Avenge 

nitrogw 

tm. 

gm. 

tm. 

tm. 

fSi. « 


51..35 

2.26 

2.45 

53.80 



2.49 



50.81 


2.55 



50.81 


2.50 



52.50 

52.16 

2.26 

2.18 

54.34 

53 32 


2.71 



52.39 


1.98 



50.43 


1.77 



53.26 

52.51 

8.93 

8.42 

60.93 

52 64 


7.91 



52.02 


8.10 ‘ 



52.02 


8.73 



52.15 

52.80 

2.03 

1.32 

54.12 

53.22 


1.30 



54.42 


0.30 



51.43 

1 

1.66 




Figure 2 presents a combination of results, viz., the nitrate nitrogen found 
in the soil after harvest and that actually used by the crops, assumi n g that 
the crops obtained their nitrogen as nitrate. Some quite interesting results 
are brought out here. With but possibly one exception there was a distinct 
loss of nitrate nitrogen incidental to cropping compared with that found in 
the fallow check soil. The crops seemed to be divided loosely into groups 
thus, wheat, oats, barley and rye, which produced comparatively light yields 
of dry matter, left comparatively large amounts of nitrate in the soil (in this 
respect wheat and rye left considerably more than oats or barley) and this 
added to that recaimed in the crops x^e a total of recovered nitrate con¬ 
siderably greater tha^ that from millet, com and kafir com. In this latter 
ground the 3 deld of dry matter was roughly four times greater t h a n in the 
former, and the nitrate recovered was the least of any of the other crops. 
Sugar beets might be classed with the preceding group with respect to the 
nitrate left in the soil, but in the total mtrate recovered they compare dosdy 
with the first group. Clover and vetch, which in 3 deld of dry matter exceeded 
somewhat wheat and did not equal that of oats and barley, left considerably 
l ess mtrate in the soil than either of these and the total nitrate recovered was 
less tha.n for any other except rye. Fidd peas compared dosdy with wheat. 
With soybeans there was a fixation of to^ nitrogen, so it is uncertain how 
much was obtained from the atmosphere. However, from table 2 and figure 1 
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it is seen that there was 2.63 gm. of nitrogen taken frmn the soil when com* 
pate^with the dry check/ This leaves 5.79 gm. of nitrogen which was obtained 
, frem the atmo^here. In figure 2, if this 5.79 gm. were subtracted from the 
portion of the figure rqnresented in the nitrogen contuned in soybeans, we 

^ 7or?ri Af/rmee/t necoiAefieo /y cAOfa. 

Hill Ttmu. Af/mosea mnw/ffAfs />r sotL arrr/f MMtyssT: 



FlO. 1. TOtAL NiT&OOEN RxttAIKZNG IN TBS SOZL A2n> THAT ReCOVXSZD IN THE CrOPS 

Atxer Harvest 

would have iSt what might xq>re8ent that portion of the nitrogen in the crop 
semoved from the soil as nitrate together with the nitrate left in the soilp 
both of which would amount to 3.97 gm., which would alsop as in the cases of 
the other cropSp be less than the nitrate formed in the fallow check. This 
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TABLES 


NUroU niirogm in UujaU afitr kantsimg ike crops 


CKOvoioinr 

rAiravBa 

im.T.iiftit 

jjgm 

oaAUi 

AvetaoB 

I" 

148.00 

146.0 

5.09 

5.02 

Fallow check.| 

144.00 


4.95 



27.00 

24.5 

0.93 

0.84 


22.00 


0.76 


Mfflet. 

26 00 


0.89 



23.00 


0.79 



26.00 

26.5 

0.89 

0.91 


31.00 


1.07 


Com.. ' 

27.00 


0.93 



22.00 


0.76 



16.00 

19.00 ' 

0.56 

0.65 


22.00 


0.76 


Kafir com. 

19.00 


0 65 



19.00 


0.65 



42.00 

60.00 

1.44 

2.07 


68.00 


2.34 


Oata.< 

59.00 


2.03 



72.00 


2.48 



95.00 

97.00 

3.26 

3.33 


94.00 


3.23 


Wheat. 

102.00 


3.50 



97.00 


3.34 



75.00 

64.5 

2.57 

*2.21 


62.00 


2.13 


Bailey.' 

53.00 


1.82 



68.00 


i.34 



92.00 

94.00 

. 3.16 

3.22 


97.00 


3.34 


Rye.^ 

87.00 


2.99 



99.00 


3.40 



32.00 

31.00 

lao 

1.07 


26.00 




SoEarbeeta. 

31.00 


1.07 



35.00 


1.20 


* 

50.00 

43.00 

1.72 

1.48 


48.00 


1.65 


Reddover. 

36.00 


1.24 



38.00 

* 

1.31 
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CkOVGlOWX 


Vetch, 


Soybeans. 


Field peas. 


TABLE 


MlTtRl 

MILUOM 

AVtlAGB 

OIAIO 

50.00 

53.00 

1.72 

52.00 


1.79 

54.00 


1.86 

55.00 


1.89 

44.00 

39.50 

1.51 

37.00 


1.27 

37.00 


1.27 

40.00 


1.37 

86.00 

97.0 

2.96 

89.00 


3.06 

134.00 


4.60 

80.00 


2.75 


discrepancy in the amount of nitrate formed in the cropped soils plus that 
removed by the crop can possibly be explained by one of two suppositions: 
cither nitrification is inhibited by the growth of the crop or nitrification pto- 
ceeds as rapidly as in the fallow check but some nitrogen is wasted incidental 
to crop growtL The latter supposition seems to be borne out by table 2 
and figure which show a distinct loss of total nitrogen from the soil due to 
crop growth in every instance except where soybeans were grown. In that 
case there is no means of knowing if some loss of nitrogen did occur, with 
nitrogen fixation. Since the fallow check lost considerable total nitrogen, as 
shown in table 2 and figure 1, p(»aibly more nitrate was formed here than is 
shown instable 3 and figure 2; in which case the deficit in nitrate recovered from 
the crop^ soils would be greater than is shown. 

In table 4 is shown the comparative rate of nitrification in the various soils 
expressed as the gam in nitrate produced during two weeks’ incubation at 
28^C. of 100 gm. of soil with 0.2 per cent peptone. These results show some 
evidence of nitrification having been affected by the residual influence of crops. 
Nitrification following ccNrn, wheat, beets, soybeans and field peas shows evi¬ 
dence of inhihition, while that following barl^ and vetch is evidence of stim¬ 
ulation. Foflowing the rest of the crc^, miUet, kafir com, oats, rye and clover, 
the residual influence apparently is neutral. 

In 1915 the same g&iml plan was followed excq>t that the e3q)eriment 
was carried in triplicate in three parallel series on as many different types of 
soils. First, ,a virgin soil was selecM from near Riverside, California. It is 
a coarse, grandly loam. The second soil was selected from near Manhattan, 
Kansas. Thb is a heavy, Uack silt loam. The third sdl was a day loam 
from the Gavemment Arlington Experiment Farm. Chemical analyses of 
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NUraie niirogm pnduad iming twc weeks* iitciibaHim ef pepkm ke seU afi^r honest 
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TABLE 



these soils made by the Bureau of Soils of the United States Department of 
Agriculture are given as follows: 



KsO 

CaO 

MkO 

PiOi 


ptr ctnt 

ptr ctnt 

HQfflUIII 

per ctnt 

California soil. 

1.91 

3.13 

BIH 

0.21 

Kansas soil. 

2.18 

1.13 


0.16 

Virginia soil. 

1.72 

1.98 

■■ 

0.19 


Since the Kansas and Virginia soils tested acid to litmus they were limed to 
give a neutral reaction previous to weighing into buckets. The crops grown 
during this year were oats, barley, kafir com, crimson clover, soybeans, puiple 
vetch and cowpeas. No attempt will be made to draw any comparisons 
between these three soils from the standpoint of determining their relative 
fertility or productiveness, this not being the purpose of the experiment. 

The crop yields in grams of dry matter are shown in table 5. In tables 6, 
7 and 8 are shown in grams the nitrogen per bucket recovered in the soib 
after removal of the crops and that recovered in the crops; also the nitrogen 
in the original soil and that in the samples kept fallow. 

In the California soil, as in results already described, considerable nitrogen 
was lost from the fallow soil. From soil growing oats, kafir com and vetch^ 
not as much nitrogen was recovered from both soil and cr<^ as was found in 
the fallow check. Slightly more nitrogen was recovered from barley and dover 
soils th^n from the fallow check. The soils under soybeans and cowpeas 
contailoed more nitrogen after harvesting the cr<^ than any of the other 
soils, but somewhat Im than the dry check, while the nitrogen found in the 
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pU&ts was considerably more than was accounted for In that removed from 
the soil, indicating active fixation. 

In the Kansas soil also nitrogen was lost from the fallow. Oats and clover 
did not remove as much nitrogen from the soil as the fallow. Not as much 
nitrogen was recovered in the soil and plants in the case of barley and kafir 
com as was found in the faUow. Vetch fixed some nitrogen and there was 
slightly more nitrogen found in the soil than in the dry check, but the amount 

TABLES 


Dry weights of crops harvested 


CftOP OlOWN 

CALXVOtNU son. 

KANSAS son. 

moxmAioiL 

Dry nutter 

Average 



Dry matter 

Average 


gm. 

fffi. 

gm. 

fM. 

gm. 

gm. 


36 0 

36 5 

38.0 

30.2 


12.7 

0»ti. 

37.0 


14.5 


wsm 



36.5 


38.0 


10.0 



35.5 

29.5 

16.5 

26.0 

11.5 

10.8 

. 

25.5 


32.0 


10.0 



* 27.5 


29.5 


11.0 



63 0 

65.7 

102.0 

99.0 

121.0 

117.7 

Kafir com. 

74.0 


128.0 


112.0 



60.0 


67.0 


120.0 


f 

31.5 

29.3 

35.0 

27.2 

11.0 

12.7 

Crimioxi clover.i 

22.5 


23.0 


17.0 


1 

20.5 


23.5 


10.0 



132.0 

127.3 

71.0 

59.8 

61.0 

63.7 

Soybeans. 

132.0 

1 

45.0 


59.0 



118 0 


63.5 


71.0 



19.0 

13.8 

7.5 

7.2 

2.5 

7.7 

Vetch. 

12.0 

i 

6.5 


8.5 



10.5 


7.5 


12.0 



121.0 

130.7 

125.0 

101.2 

134.5 

159.5 

Cowpeas. 

160.0 


83.5 


167.5 



111.0 


95 0 


176.5 



was easily within the range of analytical error. There was wmt fixation of 
nitrogen with cowpeas and pracdcally as much nitrogen was found in the soil 
as In the fallow sdl 

In the Vltginia s<fil there was again considerable loss of nitrogen from the 
btlow* More nitrogen was recovered from oats and soil than from the fallow. 
Undtir dover and vetdl more nitrogen was recovered in the soil than 
in UioIHmw; but the total in the soil and the (dants did not equal that in 
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the dry check. Not as much nitrogen was recovered from com and soil 
as was found in the fallow. Soybeans removed a little more nitrogen th an 
the fallow but no total fixation was indicated. Cowpeas did not remove as 
much nitrogen as the fallow and considerable total fixation was shown from 
soil and crop over that present in the dry check. 

TABLES 


Total nitrogen remaining in the soil and rearmed in crops after harvest 
(California soil) 


ClOfS OIOWW 

son. 

CftOM 

TOTAL NITtOOKM 

nsoovnuD 

Nitrogen 

Avenge 

Nitrogen 

Averegs 


gm. 

gm 

gm. 

gm. 

gm. 

Dry check. 

18.3 

18.3 



18.30 

Fallow check. 

16.3 

16.3 



16.30 


IS.3 

15.3 

0.35 * 

0.34 

15.64 

Oats.^ 

15.3 


0.34 






0.33 




16.5 

16.4 

0.33 

0.29 

16.69 

Barley. 

15.3 


0.26 




17.4 


0.29 



[ 

15.8 

15.4 

0.36 

0.38 

15.78 

Kafir com.<{ 

15.3 


0.43 



1 

15.0 


0.36 



f 

15.8 

16.3 

0.80 

0.58 

16.88 

Crimson clover.^ 

15.7 


0.50 



1 

17.5 


0.43 



■ 

16.9 

17.4 

3.66 

3.66 

21.06 

Soybeans. 

17.6 


3.76 




17.6 


3.56 



f 

15.8 

15.9 

0.52 

0.35 

16.25 

Vetch. < 

16.3 


0.27 



\ 

15.7 


0.25 




17,6 

17.6 

2.81 

3.01 

20.61 

Cowpeas. 

17.6 


3.40 




17.6 


2.82 




To sum up more briefly: In all three types of soil there was a loss of nitrogen 
iBider fallow. There was a greater total loss than under fallow in the case 
of oats, kafir com, and vetch in the California soil; barley and kafir com in 
the Kansas soil and kafir corn iif the Virginia soiL Not as much nitrogen 
was removed from the soil as under fallow in the cases of barley, soybeans 
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and cowpeas in the California soil, oats, clover, vetch and cowpeas in the 
iC^niutA soil, and oats, barley, dover, vetch and cowpeas in the Virginia soil. 
There was more total nitrogen recovered in the soil and crops than was oiigi* 
naOy present in the cases of soybeans and cowpeas in the California sofl, vetdi 
and cowpeas in the Kansas soil, and cowpeas in the Virginia soil. 

TABLE? 


Total nUroiOH rmaming in the soU and recomoi in crops oftor harvest 
(Kansas soil) 


CRon oRowir 

■on. 

CROfS 


Nitrogen 

Avenge 

Nitrogen 

Avengf 


tm 

tm. 


tm. 

gm. 

Dry check. 

S1.5 

51.5 

wM 


51.50 

Fallow check. 

50.4 

50.4 

■ 


50.40 


50.8 

50.6 


0.55 

51.15 

Oats. 

51.2 






40.7 






50.4 

49.6 

0.36 

0.53 

50.13 

Barley. 

49.0 


0.63 




49.4 


0.60 



f 

48.5 

49.1 

1.18 

0.94 

50 04 

Kafir corn.^ 

49.4 


1.05 



1 

49.5 


0.58 



■ 

51.0 

50.5 

0.87 

0.70 

51.20 

Crimson clover. 

50.0 


0.70 




50.4 


0.53 




49.0 

49.1 

1.91 

1.67 

50.77 

Soybeans. 

50.0 


1.32 




48.4 


1.79 



( 

52.4 

51.7 

0.20 

0.21 

51.91 

Vetch. \ 

51.3 


0.19 

1 


1 

51.4 


Q.23 




51.0 

50.5 

2.74 

2.17 

52.67 

Cowpeas. 

mSM 


1.88 




■■ 


1.94 




In figure 3 is illustrated, as in figure 2, the nitrate nitrogen recovered in 
the sods after harvest, together with that found in the associated crq>, assum¬ 
ing that the nitrogen found in the crop was removed from the soil as nitrate. 
Bare a^^ la diown several instances where either not as mudi nitrate was 
formed n tfapl found in the fallow diecb, or as much or more was formed and 
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subseqtieatly lost In the CaHfomia soil under oats, barley and kafir com» 
not as much nitrate was recovered €is in the fallow. Under clover and vetch 
somewhat more nitrate was recovered than was found in the fallow, although 
figure 3 shows a distinct loss in total nitrogen in both these instances. Under 
soybeans and cowpeas there was considerable nitrogen fixation as ^own in 


TABLE 8 

Total nUrogm rmaimng in soil and recovered in crops after harvest 
(Virginia soil) 


CEOPS OKOWW 

son. 

caops 

TOTAL SnxaOOBM 

asoovnso 

Nitrogen 

Average 

Nitrogen 

Average 


im. 

gm. 

fM. 

gm. 

gm. 

Dry check. 

48.2 

48.2 



48.2 

1 

Fallow check.1 

46.3 

1 46.3 



46 3 


46.5 

46.6 

0.34 

I 0.30 

46.90 • 

Oats. 

46.3 


0.33 




47.0 


0.24 



[ 

47.8 

47.8 

0.31 

0.31 

48.11 

Barley. \ 

45.8 


0.29 

1 


1 

49.8 


0.34 




45.1 

45.0 

1.15 

1.17 

46.17 

Kafir com. 

45.4 


1.32 




44.5 


1.04 



' 

46.5 

47.2 

0.34 

0.43 

47.63 

Crimson clover. 

47.8 


0.58 




47.2 


0.36 



' 

46.3 

45.8 

1.71 

1.88 

47.68 

Soybeans. 

45.1 


1.86 




46.0 


2.06 



' 

47.1 

47.1 

0.07 

0.25 

47.35 

Purple vetch.. 

47.2 


0.29 



47!0 


0.40 



' 

46.3 1 

47.0 

4.60 


51.90 

Cowpeas. 

47.1 i 


5.00 



47.5 


5.10 

HIHI 



figure 3, therefore, it is uncertain how much of this was obtained from the 
soil as nitrate. In the soil thtne was a deficit ip the amount of nitrate 

recovered as compared with that found in the fallow m every case except that 
of 803 d>eans. In there was also a fixation of nitrogen. In the 

Virginia soil as in the soil there is again a deficit in the amounts of 
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nitrate recovered in all cases except under cowpeas, where again there was a 
fixation of nitrogen* Table 9, wMch shows the comparative nitrifying power 
or the gain in nitrogen produced during two weeks* incubation of amsKmium 
sulfate (0.139 per cent) with soil at 28^0., seems to indicate that there is more 
or less crop influence on the formation of nitrate in the soil, thus possibly 
explaining the results shown in figure 4. 

TABLE 9 


NUrak nUroim produced during hvo teeeks* incuboHon of ammomum sulfale in soil afler 

harvest 


ciov atowir 

CAZJ[VOaKU sou 

KAMU 

j eon 

VnOIMXA sou 

Increue 

Avenge 

Increase 

Average 

Increase 

Average 


p,p.m. 


p,p.m. 

9.9.W. 

p.p.m. 


Fallow check. 

71 4 

71.4 

15.2 

15.2 

261.7 

261.7 

« 

78.9 

71.1 

23.6 

25.1 

310.0 


Oats. 

63.4 


31.3 


299.0 





20.4 


297.0 



68.1 

63.2 

7.4 

12.0 

266.5 

271.6 

Barl^. 

58.8 


13.0 


267.3 



62.8 


15.7 


281.0 



51.5 

53 3 

12.7 

8.1 

270.1 

273.7 

Kafir com. 

55.3 


MSB 


275.1 



53.0 


■9 


275.8 



65.9 

66 3 

19.5 

18.8 

304.0 

300.2 

Crimson dover.. 

65.0 


20.3 


292.0 



68.1 


16.6 


304.5 



64.2 

60.9 

16.6 

18.8 

283.0 

266.4 

Soybeans. 

53.3 


21.7 


249.0 



65.1 


18.1 





71.3 

70.7 

16.8 

18.4 

293.0 

291.8 

Vetch. .../ 

70.9 


17.4 


299.3 



70 0 


21.0 


283.0 


f 

61 0 

55.4 

14.3 

11.1 

240.8 

233.5 

Cowpeas. 

53.5 


15.3 


237.8 



51 7 


3.7 


221.8 



In 1916 a series of experiments were inaugurated in whidi the California, 
Kansas and Virginia soils were used as before; however, in this series the same 
buckets were cropped for three years and the crops removed without the 
addition of plant-food in any form. Each season after harvest the buckets 
were covered to shed rain, and left undisturbed for the winter. The crops 
grown in each type of soil were as foUows: com, wheat, oats, cotton, soybeans 
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and cowpenB. In ndditkm, the foDpwing rotations were grown in etch type 
of aoi({ com, wheats oats^ corn, oats, wlieat, soybeans, wheat, oats; soybeans^ 
oats, wheat; and oowpeas, soybeans, cowpeas. 

TABLE 10 


DrywHiht yMs mPs in thw-ywr roUUian 
(California soil) 


1916 

1917 

1918 

Crop grown 

Dry 
wdffat 
of crop 

Average 


JM 

Average 

Crop grown 

Sty 
wei^t 
of crop 

Average 

Com 

tm 

81 0 
98 0 
97 0 
860 

tm 

90 5 

Com 

tm 

71 0 
84 0 

72 0 
66 0 

tm 

13 2 

a 

Com 1 

tm 

42 0 
50 0 
45 0 
47 0 

tm* 

460 

Com 1 

85 0 
98 0 
95 0 
100 0 

94 5 

Wheat < 

37 5 
27 0 
35 5 
39 5 

34 9 

» 

Oats < 

31 0 
28 0 
28 0 

32 0 

29 7 

Com 

96 0 
85 0 

97 5 
83 5 

93 0 

Oat* 1 

43 0 

46 5 

47 5 
50 0 

46 7 

Wheat < 

20 0 
20 0 
22 0 
23 0 

21 2 

Wheat 

28 5 
33 0 
31 0 
36 0 

32 1 

Wbeat 1 

45 5 
44 0 
44 5 
42 0 

44 0 

Wheat < 

22 0 
23 0 
27 0 
22 0 

23 5 

Cats 

39 0 
44 0 
44 5 
47 0 

43 6 

i 

Oat* 1 

57 0 
56 0 
53 0 
56 5 

55 6 

' 

Oats * 

27 0 
27 0 

27 0 

28 0 

27 2 

Cotton 1 

71 0 
69 0 
82 0 
86 0 

77 0 

Cotton ^ 

39 0 
48 0 
300 
32 0 

37 2 

Cotton * 

13 0 
10 0 
12 0 
11 0 

U 7 

Soybeans ^ 

m 

378 2 

Soybeans * 

185 0 
113 0 
185 0 
73 0 

139 0 

Soybeans * 

40 0 
45 0 
63 0 
27 0 

43 7 

Soyfaeaiks^ 

mo 

mo 

m,o 

382 0 

345 8 

’ 

Wheat 

41 5 
51 5 
37 0 

44 5 

43 6 

Oat* 1 

33 0 

32 0 

33 0 
39 0 

342 




































NintooEN EcoKoicy m tax sort 


Soybeans 


Cowpeas 


Cowpeas 


moop 

Avertfe 

Crop grown 

A 

of crop 

ATorige 

Crop grown 

of crop 

Avwagt 

f». 

fM. 


gm. 

fW. 


iw. 

fM. 

289.0 

348.5 


62.5 

66.4 


20.0 

23.7 

335.0 

434.0 


Oats 

70.0 

63.5 


Wheat - 

23.0 

25.0 


336.0 



69.5 



27.0 


205.0 

206.2 


162.0 

134.7 


89.0 

97.5 

214.0 

187.0 


Cowpeas - 

125.0 

105.0 


Cowpeas < 

115.0 

87.0 


219.0 



147.0 



97.0 


229.0 

249.2 


122.0 

158.0 


112.0 

100.0 

352.0 

197.5 


Soybeans < 

172.0 

180.0 

* 

Cowpeas ' 

90.0 

105.0 


218.5 



158.0 



93 0 
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TABtB 11 

Dry^ghiyiMrf crops 

(Kansu foil) 


1916 

mi 

1918 

Crop grown 

Dry 

wdglit of 
crop 

Avenge 

Crop grown 

Dry 

weight of 
crop 

Avenge 

Crop grown 

Dry 

weight of 
crop 

Avenge 


tm 

sm 


fM. 

tm. 


tm 

tm 


168 0 

160 0 


85 0 

86.4 


48 0 

56 0 

Corn 

165 0 
167.0 


Com * 

88.0 

89.0 


Com * 

52.0 
71 0 



140 0 



83 5 



53 0 



Im 

164.1 


49 0 

460 


36 0 

31.2 

Com 

til 


Wheat 

43 0 
54 0 


Oats ^ 

25 0 
31 0 



140.5 



38 0 



33 0 



165 0 

163 2 


50 0 

52 0 


12 0 

20 0 

Com 

173 0 
161 0 


Oats 

52 0 
46.0 


Wheat * 

20 0 
26 0 



154.0 



60 0 



22.0 



53 0 

569 


34.0 

39.1 


26.0 

36 0 

Wheat 

55 0 
67.0 


Wheat * 

46.0 

48.5 


Wheat ^ 

35.0 

28.0 



52.5 



28 0 



35.0 



85.0 

89.2 


56 0 

565 


39.0 

27.7 

Oats 

83 0 
100 0 


Oats 

53 0 
54.0 


Oato 

16.0 

27.0 



89.0 



63.0. 



37.0 



142.0 

146.0 


28.0 

36.7 

[ 

32.0 

37.0 

Cotton < 

178.0 

136.0 


Cotton * 

46.0 

28.0 


Cotton 1 

37.0 

29.0 



128 0 



45.0 


1 

50.0 



230.0 

216.2 


67.0 

76.7 


35.0 

53.0 

Soybeans* 

208 0 
196.0 


Soybeans * 

75.0 

97.0 


Soybeans* 

65.0 

65.0 



231.0 



68.0 



47.0 




216.2 


67.0 

76.7 


35.0 

53.0 

Soiybea^l 



Soybeans 

75.0 

97.0 


Soybeans* 

65.0 
65.0 j 



231.0 



68.0 



47.0 
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TABLE 


1916 

1917 

1918 

Crop grown 

Dry 

weight of 
crop 

Aversge 

. 

Crop grown 

Dry 

weight of 
crop 

Average 

Crop grown 

Dry 

welghW 

crop 

Average 


tm. 

gm. 


gm. 

gm. 


Bi 

gm. 


209.0 

186.0 


37.5 

39.9 


HQ 

24.7 

Soybeans * 

195.0 

209.0 


Wheat - 

36.0 

39.0 


Oats 

m 



131.0 



47.0 



20.0 



285.0 

211.7 


40 0 

44.0 


11.0 

18.5 

Soybeans < 

224.0 

147.0 


Oats < 

40.0 

42.0 


Wheat < 

19.0 

24.0 



191.0 



54.0 



20.0 



130.0 

128.4 

< 

73.0 

59.7 


20.0 

47.7 

Cowpeas * 

119.5 
138.0 1 


G>wpea8 * 

42.0 

59.0 

. 

Cowpeas < 

65.0 

64.0 






65.0 



42.0 




167.7 


68.0 

88.5 


32.0 

34.0 

Cowpeas < 

192.0 

142.0 


Soybeans * 

96.0 

103.0 


Cowpeas ' 

30.0 

34.0 






87.0 



40.0 



Tables 10, 11 and 12 show the dry weights of the crops harvested each 
year. As might be expected, the yield each succeeding year rapidly decreased. 

Tables 13,14 and 15, and figures 4,5 and 6 show the amounts of total nitro¬ 
gen remaining in the soil and that recovered in the crops each year. The 
results shown in the figures represent averages. 

In the California soil the results were somewhat different from those found 
in the other soils in that there was a general tendency in some samples toward 
an increase in nitrogen each year, while in others there was a decrease the first 
two years followed by a cdnsiderable increase the third year in all samples. 
In the other two types of soils there wte a general decrease each year in all 
cases. 

During this period in jthe California soil the greatest increase occurred where 
the same crops were grown in succession, this increase being greater than either 
under faUpw or under rotation. The increase under fallow was less than under 
rotation. Under soybeans and cowpeas^the third year thefe was more nitrogen 
found than whs in the soil at the beginning of the experiment, as represented 
by the dry check. Here we have the results of a curious combination of 
phenomena. 

Wth the exception of the legumes the first two years there wasacon^er- 
able loss in nitrogen, that is, not as much nitrogen was recovered in the crops 
as was removed from the soil Under com the second year the total loss 
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TABUU 

Zhyoti^yUUsifelvttiH Oni-yttm ntoHrn 


O^igbkMil) 


1916 

1917 

Cropfromi 

Dty 

irdflitof 

cfop 

Avenge 

Crop glows 

Dry 

weight of 
crop 

Avenge 

Com 

pl^, 

319.0 

296.0 

325.0 

349.0 

tm. 

322.2 

Com 

l»‘ 

85.0 

88.0 

89.0 

83.5 

fW* 

86.4 

Com 

3M.0 

347.0 

296.0 

354.0 

325.2 

Wheat < 

49.0 

43.0 

54.0 

38.0 

46.0 

Com 

361.0 

302.0 

324.5 

385.0 

343.0 

Oats 

50.0 

52.0 

46.0 

60.0 

52.0 

Wheat 1 

65.0 

63.0 

65.5 

58.5 

63.0 

Wheat < 

34.0 

46.0 

48.5 

28.0 

39.1 

Oats 

144.0 

157.0 

128.0 

144.0 

143.25 

Oats 

56.0 

53.0 

56.5 

Cotton < 

269.0 
343.0 
250.0 
[ 282.0 

286.0 

Cotton ' 

28.0 

46.0 

28.0 

45.0 

36.7 

Soybeans < 

41.8 
367.0 
334.0 
^ 359.0 

369.5 

Soybeans < 

67.0 

75.0 

97.0 

68.0 

76.7 

Soybeans < 

' 418.0 
367.0 
334.0 
0 359.0 

369.5 

Soybeans < 

67.0 

75.0 

97.0 

68.0 

76.7 


CtOPfT 


Com 


Oats 


Whea 


Oats 


Cotb 


Soyb- 


Soyb 
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TABLE 


1916 

1917 

191S 

Crop frown 

Dry . 

weight of 
crop 

Avenge 

Crop grown 

Dor 

weUiht of 
crop 

Average 

Crop grown 

Dry 

weight of 
crop 

Avenge 


fM. 



gm 

fM. 


fM. 

fM* 

[ 

354.0 

359.2 


37.5 

39.9 


91.0 

53.7 

Soybeans < 

343.0 

370.0 


Oats 

o o 


Wheat < 

32.0 


1 

370.0 



47.0 



38.0 



345.0 

347.7 

1 

40.0 

44.0 


22.0 

26.7 

Soybeans < 

329.0 

407.0 


Oats 1 

40.0 

42.0 


Wheat • 

24.0 

29.0 



310.0 


1 

54.0 



22.0 



251 0 

203 7 


73 0 

39 7 


15 0 

21.7 

Cowpeas < 

172 0 
172.0 


Cowpeas < 

42 0 
59 0 

■ 

Cowpeas < 

23 0 



220 0 



65 0 



27 0 



147 0 

212 2 


68 0 

88 5 


41 0 

38.2 

Cowpeas < 

218.0 

257.0 


Soybeans < 

96 0 
103 0 


Cowpeas ^ 

41 0 
29 0 



^ 227 0 



87.0 



42 0 



amounted to 518 gm. per average bucket. In the case of soybeans and cow- 
peas, there was an increase in nitrogen the first year, due evidently to symbiotic 
fixation. This increase was greater \mder soybeans than under cowpeas* 
The second year there was still enough nitrogen recovered in the crops almost 
to the total of that in the soils and that recovered in the crops equal to 
that in the dry check. The gain in nitrogen noted the third year in all samples 
is evidently due to fixation in the soil through biological action. The pro¬ 
cesses apparently at woih more or less simultaneoudy were denitrification, 
non-symbiotic and S 3 anbiotic nitrogen fixation. Through denitrification there 
was a total loss of a comparatively large amount of nitrogen from the soil in 
all samples the first year, with the exception of those under legumes. In some 
cases during the second year this process still predominated. In other cases 
including the fallow, free fixation of nitrogen apparently commenced to pre¬ 
dominate. The third year this latter process caused the recovery of nearly 
all the nitrogen that was lost the firs|: year in most cases. Under soybeans 
and cowpeas the additional process of sjrmbiotic nitrogen fixation was also^at 
work. At the end of the third year there was more nitrogen in tte soils under 
these cr<^ th ^n at the beginning of the experiment, while the total amount 
of nitrogen for the three years contained in the crops was a dear gain. 

In the iC an sai soil under the non-legumes with but one exception there was 
a successive loss of nitrogen each year. In general this loss was progressive. 
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FaDow J 47.5 Fallow 46.0 Fallow 45.5 

chedc \ 46.4 check 45.2 check 45.4 

I 47.0 45.7 45.6 
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that Is, at the end ci each season there was less nitrogen in the soil and in the 
crop than was present in the soU at the end of the preceding year. At the end 
of the third year the greatest loss was i^parent under the com, wheat, oats, 
and com, oats, wheat rotations. Under soybeans and cowpeas there was an 
increase in nitrogen the first year over that originally present. The second 
year there was a gain over that present in the soil at the end of the first year. 
The third year not as much nitrogen was recovered in the soil and crop as 
was present at the end of the second year. 



Fio. 6 . Total Nitrogen Reuainino in ike Virginia Son. Each Year and that 
Recovered in the Crops 


In the Virginia soil in all cases there was a progressive loss of nitrogen each 
year except with the legumes. Under the legumes the first year there was a 
definite gain. 1% second year there was more nitrogen recovered in the 
soil and crops was in the soil at the end of the first year. The third year 
there was a loss with Soybeans and a slight gain with cowpeas due probably 
to an increase in nitrogen foimd in the soil itself. 

In tables 16,17 and 18 are shown the amounts of nitrate tutrogen found in 
the soils after the removal of the crops and that in the In figures 

7,8 and 9 are idiown both thU nitrate nitrogen found in tbd|i|l|wter harvest 
and the nitrogen recovered in the crops, a ss u ming that ^ 

crops was removed from the soil as nitrate. Here^ under^P crops, in all 
soils except where legumes were grown, we find that there wif a definite loss 
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TABLE If rmfftrTfrf 


1916 

, 

i9ir 


191S 

Cropgrami 

Nltette 

atopipo 

iMMaait 

Armfe 

Crop grown 

Nitroto 

nttfOMn 

Arongt 

Crop grown 

NitrMo 

Awongt 


■asi 



Tnffi* 




Cowpeu * 

gm, 

0.84 

1.06 

0.37 

1.00 

f«. 

0.82 

Cowpeaa < 

fW. 

0.12 

0.57 

0.44 

0.62 

gm. 

0.44 

Cowpeas ' 

ffO. 

0.12 

0.28 

0.35 

0.12 

gm, 

0.22 

Cowpeas < 

0.86 

0.77 

0.87 

0.56 

0.76 

Soybeans | 

0.19 

0.25 

0.03 

0.16 

0.13 

Cowpeai < 

0.28 

0.17 

0.22 

0.17 

0.21 

Fallow 

check 

1.12 

1.06 

0.96 

0.78 

0.98 

Fallow 

check 

1.50 

1.34 

1.30 

1.53 

1.42 

Fallow 

check 

2.06 

1.94 

1.94 

1.89 

1.96 




Fio.^ 7 . Nixbasb NmooBif Rskaimwo m tn Caioobvu Soil EaoI^bai amo Toxal 
N imooBir RioomBD ar n Ciops ^ 
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TABLE 17 

NUrak nUrogm Ib 9^ tfiet remaul ef crops 
(Ktani soil) 


1916 

1917 

1918 

Orapfioim 

NHratt 

utram 

nmSSa 

Avenge 

Crepfrairn 

Nitrate 

aitnm 

rMBnimiig 

Avenge 

Ciepgnnm 

Nitrate 

nitrogm 

Average 


kwSr 



inicSr 



iiiS 


Com < 

|M. 

0.34 

0.51 

0.61 

0.51 

tm, 

0.49 

Coro 

gm* 

0.27 

0.25 

0.27 

0.25 

tm 

0.26 

Com < 

l». 

0.18 

0.15 

0.28 

0.15 

tm, 

0.19 

Com 

0.64 

0.51 

0.17 

0.69 

0.50 

Wheat ^ 

0.54 

0.64 

0.25 

0.63 

0.51 

Oate 

0.47 

0.74 

0.35 

0.74 

0.57 

Com 

0.67 

0.56 

0.56 

0.67 

0.61 

Oats 1 

0.31 

0.34 

0.17 

0.05 

0.22 

Wheat < 

0.92 

0.54 

0.47 

0.35 

0.57 

Wheat < 

1.26 

1.22 

0.91 

1.36 

1.19 

Wheat ‘ 

0.99 

0.83 

1.08 

0.97 

Wheat ' 

1.14 

0.84 

0.84 

1.24 

1.01 

Oato 

0.62 

0.69 

0.59 

1.00 

0.72 

Oats 

0.19 

0.17 

0.20 

0.26 

0.20 

Oats 

0.56 

0.54 

0.39 

0.39 

0.47 

Cotton < 

0.22 

0.07 

0.15 

0.15 

0.15 

' 

Cotton * 

0.37 

0.32 

0.42 

0.42 

0.38 

Cotton * 

0.35 

0.35 

0.52 

0.19 

0.35 

Soybcntj 

0.47 

0.44 

0.47 

0.48 

0.46 

Soybeana ^ 

0.31 

0.32 

0.36 

0.30 

0.32 

Soybeans * 

0.24 

0.39 

0.35 

0.24 

0.30 

Soybeani* 

K 

m 

Hi 

0.47 

Wheat < 

0.71 

0.77 

0.96 

0.63 

0.77 

\ 

Oats 

0.84 

0.79 

0.79 

0.56 

0.74 
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TABLE 17-CMNmMtf 


ISIS 

• 

i9ir 


I91S 


mtrate 



Nitrate 



Nitrau 


Cropfroim 

nitim 

fWUUIIllll 

iafoO 

ATWlft 

CropgrowB 

nitraten 

remaioi&i 

Inioa 



TX 

Averaft 


IM. 


■■■ 

tm.* 

tm 


tm. 



0.49 



0.30 

0.49 

f 

1.18 

0.99 

Soybeans ^ 

0.35 

0.61 


B 

0.44 

0.52 


Wheat I 

0.88 

1.02 



0.47 


^B 

0.72 


1 




0.73 



0.43 

0.53 

f 


0.26 

Cowpeas * 

0.80 

0.61 


Cowpeas 1 

0.54 

0.48 


Cowpeas < 

0.28 

0.14 



0.89 


1 

0.67 


1 




0.47 

0.54 

f 

0.24 

O.IS 



0.14 

Cowpeas * 

0.41 

0.68 


Soybeans 1 

0.05 


Cowpeas < 

0.17 

0.14 



0.62 


1 

0.15 



0.07 



2.45 

2.54 


2.62 

2.87 


3.16 

3.64 

Fallow 

2.76 


Fallow 

2.82 


Fallow 

3.60 


chedL 

2.45 


check 

3.25 


check 

3.95 



2.49 



2.80 



3.87 



of nitrate nitrogen or, better, soluble nitrogen. These results bear out those 
reported by Lipman (2), Mooers (3), Russell (5), etc. Since no leaching was 
possible under the conditions of these experiments, this loss must be credited 
to volatilization of either free nitrogen or ammonia. 

Returning to the subject of green manures, the results show an actual loss 
of nitrogen in all cases where noiv-legumes are grown and turned under as 
green manures. It is, of course, obvious that these results cannot be applied 
directly to field conditions. The inference seems warranted that the loss in 
nitrogen is due, to a iMHiBiderable d^;ree, to the thorough aeration given the 
different experimental soils; and, therefore, the losses of nitrogen that mi^t 
be expected under field conditions presumably would be much less than indi* 
cated in the preceding experiments. Similarly, in fidd conditions where 
legumes are grown and turned under, while the general facers of rdative 
gain and loss might be expected to obtain,, the actual losses of nitrogen will 
probably be less. 

C0NCLO8X0N8 

Under the conditions of frequent handhag with consequent thorouj^ aera^ 
tion of the experimental sdls, the following results have been noted: 

U C ullto a tto grcBBSsaive aeration of a soil c a i is ei aloaiof Iftal nitrogen. 

2. Uxider certain crope them is an ibaohiteloasikfBttrogea in excess of that 
recovered in the crops. 
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TASLB IS 


NUnU nUrogm in scU afinr rmowdpf crops 
(Vligbia aoQ) 


1916 

- 

1917 


1918 

ClOpgfOWB 

Nitrate 

nitrofeii 

raiMillifli 

ineoU 

Avertfe 

Crop grown 

Nitrate 

nitrogen 

rcmAminj 

toeoU 

Average 

Crev grown 

NitenU 

nitrogen 

UioU 

^Average 


gm. 

sm. 


WEI 

tm. 


lai 

trnm 


1.09 

1.36 


0.18 

0.14 



0.17 

Com 

1.42 

1.13 


Com 

0.15 

0.25 


Com 

0.18 

0.07 



1.21 



0.10 



0.18 



1.50 

1.33 


1.96 

1.20 


2.31 

1.84 

Com 

1.31 

1.21 


Wheat 

0.55 

1.00 


OaU 

1.20 

1.80 



1.31 



1.31 



2.06 



1.21 

1.28 


0.54 

0.68 


1.64 

1.78 

Com 

1.31 

1.36 


Oats ^ 

0.63 

0.50 


Wheat * 

1.74 

2.09 



1.23 



1 08 



1.67 



4.55 

4.47 


3.85 

4.81 

( 

5.20 

4.71 

Wheat 

5.10 

4.59 


Wheat 1 

6.90 

4.86 


Wheat 1 

5.30 

4.35 



3.63 



3.65 


1 




2.72 

0.74 

( 

1.38 

1,U 

( 

1.68 

1.71 

Oats 

2.47 

3.10 


Oats 1 

1.36 

1.80 

1 

OaU 1 

0.98 

2.31 



2.66 


1 

1.63 


1 

1.86 


[ 

0.77 

0.66 


0.17 

0.20 


0.57 

0.66 

Cotton 1 

0.51 

0.70 


Cotton 

0.20 

0.22 


Cotton < 

0.98 

0.55 


1 

0.65 



0.21 



0.53 



0.97 

;0.86 


0.29 

0.26 


0.24 

0.21 

S<^bean8 < 

a.87 

0.90 


Soybeans * 

0.24 

0.27 


Soybeans • 

0.18 

0.18 



0.70 



0.25 



0.24 



1.29 

1.00 

( 

na 

1.44 


2.01 

1.88 

Sos^eaas^ 

1.01 

0.95 


Wheat 1 

0,.99 

2.02 


OaU 

1.76 

2.09 



0.75 


1 

0.94 



1.66 



0.97 

0.97 


0.41 

0.39 


1.58 

1.51 

Soybeans* 

l.OS 

1.13 


Oati 

0.32 

1.30 


Wheat * 

1.41 

1.38 

• 


0.75 



0.33 



1.68 
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1916 

lfl7 

1418 

Cfopgrora 

Nitrate 

aitrofoi 

remaiataB 

inaSr 

Average 

CropgrowB 

Nitrate 

ahrogcn 

"ffar* 

Average 

Cropgroeni 

Nitrate 

ttitvoiVM 

iaioP 

Avenge 


tm. 

im. 


tm. 

tm. 


fW. 

fW. 


0.55 

0.68 


0.88 

0.96 



2.01 

1.84 

Cowpeas * 

0.70 

0.79 


Cowpeas 

1,03 

0.95 


Cowpeas < 


2.56 

1.30 



isa 



0.98 




1.50 



0.83 

0.69 

( 

0.15 

0.17 



oas 

0.42 

Cowpeas * 

0.77 


Soybeans < 

0.10 

0.16 


Cowpeas < 


0.40 

0.65 





1 

0.28 




0.40 



6.50 

6.21 


9.20 

8.77 




Fallow 

6.30 


Fallow 

10.00 






5.90 


Check 

7.50 






6.16 



8.40 

1 
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3. This vaxies with different crops and different soils. 

4. This loss occurs under certam legumes as well as non-legumes. 

5. When there is nitrogen fixation with the growth of certain legumes— 
that iS) when there is recovered more than was taken from the soil—this nitro¬ 
gen is found in the crop above the ground a^ if this is removed, the soil will 
have be^ depleted just as if a non-leguminous crop had been grown and 
removed. 

6. It is recognized that these results are not directly applicable to field 
conditions. It is not improbable, however, that the changes found to occur 
under the experimental conditions indicate relatively similar, although per¬ 
haps much less marked, changes in the nitrogen content of the field soils when 
different crops are grown. 
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CROSS-INOCULATION STUDIES WITH THE NODULE BACTERIA 
OF LIMA BEANS, NAVY BEANS, COWPEAS AND 
OTHERS OF THE COWPEA GROUP 

A. L. WETTING ahd ROY HANSEN^ 

Vmversity of Jttinois 

** Recdved lor pabUcatSon Augnit 2,1920 

INTRODUCTION 

In the ^ring of 1917, desiring to obtain a reliable source of inoculation for 
garden beans, three jars of sand, heavily inoculated with soil from a garden 
where navy and kidney beans were known to have been naturally inoculated, 
were planted to navy beans, kidney beans and lima beans, respectively. The 
roots of the navy and kidney beans thus planted were found to be abundantly 
supplied with nodules, but on the lima beans none were found. The nodules 
from the pavy and kidney beans were crushed in water and returned to their 
respective jars, the latter then being seeded to lima beans. No nodules were 
pr^uced although the plants reached a mature age. The third jar, which 
had contained uninoculated lima beans, was seeded to a mixture of kidn^r and 
navy beans, which on examination were found to have numerous nodules in 
every case. 

The results indicated that the bacteria in kidney and navy bean nodules 
are different from those in lima beans. However, these tests were not made 
under controlled conditions, and it was desirable to rq)eat the eqieriment 
under sterile conditions, with pure cultures of the severd nodule bacteim in 
question. 

EXPERIMENTAL 

Local garden softs did not yield a source of inoculation for lima beans, and 
a ^'pure culture” from a conunerdal company faOed. Finally, soil which had 
grown inoculated lima beans was secured from California, nodules were pro¬ 
duced by growing plants in sterile sand to which this soil was added and pure 
cultures obtained by plating out the nodules produced. ^One culture (1899) 
came from these original plates, made October, 1917, the other three (1^96, 
1897 and 1898) were obtained from nodules on a lima bean plant grown in the 
greenhouse, but the original source ol inoculation is the same. Tbese were 
isolated in February, 1919. 

The pure cultures of navy bean bacteria used in the first experiment (1156 
^and 1157, table 1) were isolated In February, 1919, from a nodule on a navy 
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tmyoi plant grown in the greenhouse. Because of the unexpected zesults of 
this e 3 q>eriment new isolations were made (1900| 1901^ 1912 and 1913) in Oc- 
td>er, 1919, from a naturally inoculated navy bean plant dug from a local 
garden. The later isolations were used in Uie subs^uent eiqperiments as 
indicated, though behaving exactly as did the first two ^tures. 

Five cultures of cowpea bacteria were used, no. 1867 and 1868 were isolated 
in May, 1917, and no. 1153, 1869, and 1870 in January, 1919. These were 
tested out fully prior to these eiqperiments. The plants from which they were 
obtained were grown in soil in the greenhouse. 

In table 1 are reported the results of the first test with lima beans grown in 
beakers of sterile sand of 600 cc. capacity. In all the experiments sterilized 
seeds were employed. The methods used are the same as described by Burrili 
and Hansen (1). This experiment was started August 14 and ended Septem-^ 
her 7,1919. Nodules were produced on lima beans by the lima-bean cidtures 


TABLE 1 

Cross^inoculaUon of Jma boons with naoy-hean and cowpoa hodona 


Wf 1 

imiBXB 

SXtM VLAmSO 

louicB or aroooLATxoir 

ttmaatM. 
as uxDO 


MODULI llGOtD 

1 

lima bean 

Cowpea (18«9) 

4 

4 

Nonodulea 

2 

Lima bean 

Cowpea (1153) 

4 

■■ 

No nodules 

3 

Lima bean 

Navy bean (1156) 

4 


No nodules 

4 

Lima bean 

Navy bean (1157) 

4 


No nodules 

5 

Lima bean 

Lima bean (1896) 

4 

II 

Nodules very large and 
abundant 

6 

Lima bean 

Lima bean (1898) 

4 

4 

Nodulea very large and 
abundant 

7 

Lima bean 

Cfaedk, nninoculated 

4 

4 

Noaoduks 

a 

Lima bean 

Check, sninoculated 

4 

4 

No nodules 


only. Navy bean bacteria did not produce nodules on the lima bean, con¬ 
firming our preliminary ejperixnents. Cowpea bacteria were included be- 
•cause in a preliminary test lima-bean bacteria produced nodules on cowpeas. 
But the reciprocal cross failed, as indicated in the tabulated results. This 
should be carefidly noted, as the explanation for it will become aj^parent in 
our further discu^on. 

Another experiment was conducted on a larger scale, four isolations each 
from cowpeas, lima beans and navy beans, being used. The seeds were planted 
on December 20, and the plants examined January 12, 1920. In this case 
the new isolations from a naturally infected navy him plant were used. The 
resulttfWe shown in table 2, and confirmed the first test. 

A similar e3q>eriment was tried with cowpea plants, the same cultures being 
used as before deecriMi. The seeds were planted November 22 and the plants 
.examined December 23, 1919. The Hma-bean bacteria produced nodules 
Abundantly on cowpea roots, confimang the pwMiniiiiiy test The cowpea 
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bacteria produced nodules on the host also, proving the viability of these 
bacteria* The navy bean cultura failed, however, proving that they were 
different frenn either cowpea or lima-bean bacteria. Again attention is di¬ 
rected to the failure of the cowpea cultures to produce nodules on the lima 
bean. 

To demonstrate further the facts brought out, another experiment was 
started January 15, the results of which appear in table 4. The previous work 
was confirmed, in that the lima-bean bacteria produced nodules abundantly 
on cowpea roots, but again cowpea bacteria were unable to inoculate the lima 
beans as tested up to this time. 

TABLES 


Cross4HOCulaUoH of lima beans with navy-bean and cowpea bacteria 



mss PLAMTSD 

BOtTXOI Of IMOCSLATIOM 

mntBxt 
Of snos 

fLAMTS 

OnAXMlS 

MOSSIS KXCOBS 

1 

Lima bean 

Navy bean (1900) 

4 

‘4 

No nodules 

2 

Lima bean 

Navy bean (1901) 

4 

4 

No nodules 

3 

Lima bean 

Navy bean (1912) 

4 

4 

No nodules 

4 

Lima bean 

Navy bean (1913) 

4 

3 

No nodules 

5 

Lima bean 

Lima bean (1896) 

4 

4 

Nodules very large and 
numerous 

6 

Lima bean 

Lima bean (1897) 

4 

4 

Nodules very large and 
numerous 

7 

Lima bean 

Lima bean (1898) 

4 

3 

Nodules very large and 
numerous 

8 

Lima bean 

Lima bean (1899) • 

4 

4 

Nodules very large and 
numerous 

9 

lima bean 

Cowpea (1867) 

4 

4 

No nodules 

H) 

Lima bean 

1 Cowpea (1868) 

4 

4 

No nodules 

11 

Lima bean 

Cowpea (1869) 

4 

4 

No nodules 

12 

Lima bean 

Cowpea (1870) 

! 4 

4 

No nodules 

13 

Lima bean 

Che^, uninoculated 

4 

4 

No nodules 

14 

Lima bean 

Check, uninoculated 

4 

4 

No nodules 

15 

1 Lima bean 

Check, uninoculated 

4 

4 

No nodules 

16 

lima bean 

Check, uninoculated 
-- 

4 

3 

No nodules 


Difiiculty was experienced in trying to grow navy beans. Several attempts 
were made, but the germination of the seeds was poor, and those which germ¬ 
inated grew slowly. This was thought to be due to keying the pots too wet. 
One-pint mason jars were used, and it was impossible to maintain proper 
moisture conditions* In order, therefore, to test out the navy bean cultures 
used, five 1-gallon battery jars of sterile sand were seeded to beans, five seeds 
being planted in each pot, one each of Early Red Valentine, Golden Waa and 
Black Wax and two of common navy beans* 

Three of the four cultures used successfully inoculated all the varieties in 
every case vriiere the seeds germinated. The failure of culture 1900 to produce 
nodules on any of the five plants cannot be explained. This jar was badly 
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TABtX3 


for 

tnnaii 

•nos mam 

•ooBCB or nrooiixAZiov 

mmm 
or snM 

n^ms 

OMAIIQD 

MQDOU^aaobaD 

1 

Cowpea 

Navy beu (1900) 

4 


No nodules 

2 

Cowpea 

Navy beta (1901) 

4 

2 

No nodules 

3 

Cowpea 

Navy bean (1912) 

1 ^ 


No nodules 

4 

Cowpea 

! Navy bean (1913) 

4 


No nodules 

5 

Cowpea 

Lima bean (1896) 

4 


Nodules very laxge and 
numezotts 

6 

Cowpea 

1 Lima bean (1897) 

4 

4 

Nodules vezy lazge and 
numerous 

7 

Cowpea 

Lima bean (1898) 

4 

4 

Nodules very lazge and. 
numerous 

8 

Cowpea 

Lima bean (1899) 

4 

4 

Nodules very large and 
numerous 

9 

Cow|>ea 

Cowpea (1868) 

4 

3 

Nodules very large and 
numerous 

10 

Cowpea 

Cowpea (1868) 

4 

4 1 

Nodules very large and 
numerous 

n 

Cowpea 

Cowpea (1869) 

4 

■1 

Nodules very large and 
numerous 

12 

Cowpea 

Cowpea (1870) 

4 

B 

Nodules very large and 
numerous 

13 

Cowpea 

Check, uninoculated 

4 


No nodules 

14 

Cowpea 

Check, uninoculated 

4 

3 

Several scattered nod* 
ules 

15 

Cowpea 

Check, uninoculated 

4 

3 

No nodules 

16 

Cowpea 

Check, uninoculated 

4 

3 

No nodules 


TABLE 4 


CowfM backria and Ima’^foan hacUria crossed on ccwpeas and lima beans 


for 

mniBit 

•SIM WlASttn 

•ouia or XNonrEATioM 

mmna 
or tsiM 

pLAiras 

oBrAimD 

MOOOLB tnOOBD 

1 

Cowpea 

Lima bean (1896) 

4 


Nodules large and nu* 






merous 

2 

Cowpea 

Lima bean (1897) 

4 


Nodules lazge and nu- 






merous 

3 

Cowpea 

Uma beu (1896) 

4 


Nodules large and nu* 






merous 

4 

Cowpea 

IJiubMa(1899) 

4 


Nodules large and nu¬ 






merous 


Lima bean 

Cowpw (1867) 

4 

3 

No nodules 

6 

lima bean 

CowpM(1868) 

4 

3 

No nodules 

7 

Lima)>eaa 

Cowpw (1869) 

4 

2 

No nodules 

8 

lima bean 

Cowpw (1870) 

4 { 

3 

No nodules 
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cndf^fid in stmlkation and it was put asidei but after the others had been 
it was again added to the series. It is possible that in the change 
of plans the bacteria were not added. 

The results of this test are confinnatory of previous work in that varieties 
of common beans (not including lima beans) are inoculated by the same strain 
of nodule bacteria. 

In table 6 is given the complete performance record of the navy-bean cultures 
used. The data reported m tables 1, 2,3 and 5 are mcluded together with 
the data from two other experiments not reported in detail. As before stated, 


TABLES 

Navy^ean ctiUmes t€sied on hwn tariefUs 


roT 

jruMui 

PLANT 

VAUBTY Of LEAN 

•ouacx 

or DVOCULATIOir 

module tXCOID 


n 

Early Red Valentine 

Navy bean (1900) 

No nodules 


D 

Golden Wax 

’ 

No nodules 

1 


Navy bean 


No nodules 


B 

Navy bean 


No nodules 


B 

Black Wax 


No nodules 


a 

Early Red Valentine 

Navy bean (1901) 

Failed to germinate 


b 

Golden Wax 


Nodules large and numerous 

2 

c 

Navy bean 


Nodules large and numerous 


d 

Navy bean 


Nodules large and numerous 

. . 

B 

Black Wax 


Nodules large and numerous 


H 

Early Red Valentine 

Navy bean (1912) 

Nodules large and numerous 


b 

Golden Wax 


Nodules large and numerous 

' 3 

c 

Navy bean 


Nodules large and numerous 


d 

Navy bean 


Nodules large and numerous 


e 

Black Wax 


Failed to germinate 


a 

Early Red Valentbe 

Navy bean (1913) 

Nodules small but numerous 


b 

Golden Wax 


Failed to germinate 

4 

c 

Navy bean 


Nodules small but numerous 


d 

Navyhsui 


Nodules small but numerous 


e 

Black Wax 


Failed to germinate 


poor germination was the rule with navy beans and in several instances the 
plants which were obtained were poor and cannot be considered a fair test* 
As a whole, however, the results are trustworthy. With three of the cultures 
on the host plant, the results are positive. In no case herein reported did the 
navy-bean Iberia produce nodules on lima beans or cowpeas. 

The data pres^ted demonstrate that the bacteria causing the nodtiks on 
the roots of navy beans are different from those on lima beans* The varieties 
of commcm beua tested (Early Red Valentine, Golden Wax, Black Wax 
and common navy bean), however, are inocula^ by navy-bean bacteria. 
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ivbefe different ^ledes within a given plant genus leqidie different bacteria* 
Ibe data up to tlds point indicated that cowpea bacteiia couM not inixAi^ 
Hnia beans but that lima-bean bacteria easily piodnced nodules on the cowpea. 
This peculiar failine of the cowpea bacteria to cross on the Uma bean could 
not be satisfactorily eiplained on any basis known and catted for a repetition 
of the experiments. The purity of the cultures used was proved bQrond doubt 
by all the methods known. 

TABLES 


Performance record of na/oy-ioan cuUures 


COLTUtB 

mnasft 

ssBpt ruxm 

mncBn 
Of nsM 

wLuna 

OaXAlHBD 

Am mumiiBD 

ncomx WMOOKD 

1900 

Navy bean 

4 

1 

December 11,1919 

Nodules amall but nu- 






meroua 

1900 

Cowpea 

4 

3 

December 23,1919 

No nodulea 

1900 

Lima bean 

4 

4 

January 12,1920 

No nodulea 

1900 

Navy bean 

4 

2 

January 12,1920 

No nodulea, plant very 






poor 

1900 

Navy bean 

5 

5 

February 14,1920 

No nodulea 

1901 

Navy bean 

4 

2 

December 11,1919 

Nodulea large and nu- 






meroua 

1901 

Cowpea 

4 

2 

December 23,1919 

No nodulea 

1901 

Lima bean 

4 

4 

January 12,1920 

No nodulea 

1901 

Navy bean 

4 

4 

January 12,1920 

Nodulea numeroua 

1901 

Navy bean 

5 

4 

February 14,1920 

Nodulea large and nu¬ 



• 


* 

meroua 

1912 

Navy bean 

4 

0 


Failed to germinate 

1912 

Cowpea 

4 

4 

December 23,1919 

No nodulea 

1912 

Lima bean 

4 

4 

January 12,1920 

No nodulea 

1912 

Navy bean 

4 

1 

January 12,1920 

No nodules, very poor 






plant 

1912 

Navy bean 

5 


February 14,1920 

Nodules large and nu¬ 






merous 

1913 

Navy bean 

mm 

^9 


Failed to germinate 

1913 

Cowpea 

■■ 

2 

December 23,1919 

No nodules 

1913 

Uma bean 


3 

January 12,1920 

No nodules 

1913 

Navy bean 

■■ 

0 


Failed to germinate 

1913 

Navy bean 

5 

3 

February 14,1920 

Nodulea small but nu-' 





1 

meroua 


Because of our observations as to the relative appearance and growth of 
nodules on cowpeas and soybeans it was thought that the lima bean, like the 
sc^bean, ought be riower than the cowpea in demonstrating nodule devdqp* 
ment. The rapid development of the nodules appears to be rdated to the 
nitrogen content of the seed and the rate of growth of the plant. 

An e^>eriidbnt was outlined to test the cross-inoculation of cowpea cultures* 
and other cultures cd the cowpea group sudh as those of the partridge pea 
(Cassia ChamaMhtskOf peanut (Arachis kypogoea) and Japan dover (Lespa^ 
dewa siiiaia) on the 1^ bean. 
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The data obtained are included in table 7. The plants made a good growth 
in this e:q)eriment. All the cultures produced nodides on the lima bean excqpt 
Cassia and cowpea 1911. The results of this experiment demonstrated that 
the bacteria of certain plants in the cowpea group could produce nodules on 
lima beans. The failure in this experiment of the Cassia and cowpea culture 
1911 to produce noddes on lima beans was in agreement with the performance 
of certain cowpea cultures in the earlier experiments. It was thought that 
there might be a difference in the rate of infection between different cultures 


TABLE 7 

Bacteria of cowpea group crossed on lima bean 


nXM VIAMTKD 

SOUaCE Of ZNOCULATIOM’ 

DATS f LAMTBD 

DATSHAaVXITU) 

1 


i! 

iroDinx aBOMx> 

Cowpea 

Cowpea (1456) 

March 24,1920 

April 21,1920 

5 

1 

Large nodules 

Cowpea 

Cowpea (1459) 

March 24,1920 

April 21,1920 

5 

2 

Numerous 

nodules 

lima bean 

Partridge pea (1460) 

March 24,1920 

April 21,1920 

5 

3 

No nodules 

Lima bean 

Partridge pea (1461) 

March 24,1920 

April 21, 1920 

5 

3 

No nodules 

Lima bean 

Peanut (1462) 

March 24, 1920 

April 21,1920 

5 

3 

Large numer¬ 
ous nodules 

Lima bean 

Peanut (1462) 

March 24,1920 

April 21,1920 

5 

3 

Large numer¬ 
ous nodules 

Lima bean 

Peanut (1464) 

March 24, 1920 

April 2^ 1920 

5 

2 

Large numer* 
ous nodules 

lima bean 

Peanut (1465) 

March 24,1920 

April 21,1920 

5 

2 

Large numeiw 
ous nodules 

Lima bean 

Japan clover (1449) 

March 24,1920 

April 21,1920 

5 

|4 

Larg^ numer«^ 
ous nodules 

Lima bean 

Japan clover (1450) 

March 24,1920 

April 21, 1920 

5 

3 

Large numer- 
1 ous nodules 

Lima bean 

Cowpea (1911) 

March 24, 1920 

April 21,1920 

5 

3 

No nodules 

lima bean 

Cowpea (1457) 

March 24,1920 

April 21,1920 

5 

3 

Large nodules 

lima bean 

Cbedtiuiininoculated 

March 24, 1920 

April 21,1920 

5 

[4 

No nodules 

Lima bean 

Check, uninoculated 

March 24, 1920 

April 21,1920 

5 

3 

No nodules 

Cowpea 

Check, uninoculated 

March 24,1920 

April 21,1920 

5 

4 

No nodules 

Cowpea 

CheplE, tmboculated 

March 24, 1920 

April 21,1920 

5 

3 

No nodules 


34 

35 

36 

37 

38 

39 

40 

41 

42 

43 


49 


or that some condition of these particular jars might be the cause of no nodule 
production. 

In order still further to verify the results obtained, an experiment was con¬ 
ducted that included cowpea, partridge-pea, Japan-clover, peanut and beg¬ 
gar-weed (Desmcdism tartuoshm) cultures of various transfers. Radiabacter 
isolated from cowpea nodules were introduced to test its purity. Some of 
these were used in the preceding experiments while others were introduced 
here for the first timei 









, tmK9 
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s 

mSS5» 

loeaca or niecinusioif 

nimfSAinao 

wammamam 

8 

!« 



S2 

Cdwpea 



May 25, 1920 

5 

4 

Ko nodules 

83 

Cawpea 

K W (^11 f 11 < ftfJn ^ vJ* li 

May 1,1920 

May 25,1920 

5 

S 

No nodules 

84 

rJma. 

Check, aninocniated 

May 1,1920 

May 25, 1920 

5 

5 

No nodules 

85 

Lima bean 

Check, uninoculated 

May 1,1920 

May 25, 1920 

5 

5 

No nodules 

86 

Lima bean 

Cowpea (1557) 

May 1,1920 

May 25, 1920 

5 

5 

Numerous 

nodules 

87 

Lima bean 

Cowpea (1557) 

May 1,1920 

May 25, 1920 

5 

5 

Numerous 

nodules 

98 

Lima bean 

Cowpea (1556) 

May 1, 1920 

May 25, 1920 

5 

4 

Large numer¬ 
ous nodules 

99 

TJrr^ bean 

Cowpea (1558) 

May 1,1920 

May 25, 1920 

5 

4 

Large numer¬ 
ous nodules 

100 

Lima bean 

Cowpea (1559) 

May 1,1920 

May 25, 1920 

5 

5 

Large numer¬ 
ous nodules 

101 

Lima bean 

Cowpea (1911) 

May 1, 1920 

May 25, 1920 

5 

4 

Large numer¬ 
ous nodules 

90 

Lima bean 

Partridge pea (1551) 

May 1,1920 

May 25, 1920 

5 

4 

numer¬ 
ous nodules 

91 

Lima bean 

Partridge pea (1551) 

May 1, 1920 

May 25, 1920 

5 

5 

jSmall numer¬ 
ous nodules. 

102 

Lima bean 

Partridge pea (1460) 

May 1, 1920 

May 25, 1920 

5 

5 

Numerous 

nodules 

103 

lima bean 

Partridge pea (1461) 

May 1,1920 

May 25, 1920 

5 

4 

Numerous 

nodules 

92 


Japan clover (1552) 

May 1, 1920 

May 25, 1920 

5 

4 

Large nodules 

93 


Japan dower (1552) 

May 1,1920 

May 17, 1920 

5 

4 

Small nodules 
just started 

108 

Lima bean 

Japan clover (1552) 

May 1, 1920 

May 25, 1920 

5 

5 

Large numer¬ 
ous nodules 

109 

Lima bean 

Japan dover (1553) 

May 1, 1920 

May 25, 1920 

5 

5 

Large numer¬ 
ous nodules 

94 

Lima bean 

Peanut (1562) 

May 1, 1920 

May 25, 1920 

5 

4 

Large numer¬ 
ous nodules 

95 

Lima bean 

Peanut (1562) 

May 1, 1920 

May 25, 1920 

5 

5 

Large numer¬ 
ous nodulm 

104 

Lima bean 

1 Peanut (1564) 

May 1, 1920 

May 25, 1920 

5 

3 

large numer¬ 
ous nodules 

105 

lima bean 

Peanut (1565) 

May 1,1920 

May 25, 1920 

5 

5 

I Large numer¬ 
ous nodules 

96 

Lbnabean 

Beggar*weed (1555) 

May 1,1920 

May 25, 1920 

5 

4 

Large numer¬ 
ous nodules 

97 

lima bean 

Beggar-weed (1555) 

May 1,1920 

May 25, 1920 

5 

4 

Large numer¬ 
ous nodules 

106 

Lima bean 

Beggar-weed (1452) 

May 1,1920 

May 25, 1920 

5 

5 

Large numer¬ 
ous nodules 

107 


Beggar-weed (1452) 

May 1,1920 

May 25, 1920 

5 

5 

Large numer¬ 
ous nodules 






5 

4 

No nodules 
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5 

4 

No nodules 
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5 

5 

No nodules 
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5 
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No nodules 


298 








































CM89«ll9(>CmAtXOir $T0SSS8 WnH HODUtB BACTSKU 


299 


The complete data are found in table 8. In this experiment, which was 
conducted under ideal growing conditions, all the cultures produced nodules 
on the lima bean, except radichacter. The nodules produced by Cassh were 
wn al ler than those of the other cultures. This experiment confirms the previ¬ 
ous one and proves that the bacteria of the members of the cowpea group 
tested cross on the lima beans. 

It was observed that nodule production on the lima bean was slower than 
that observed on many other plants studied. This observation offered a pos¬ 
sible explanation of the ne^tive results obtained with certain of the cowpea 
and Ciissia cultures. It will be noted that cultures or transfers udiich earlier 
failed to produce nodules, all caused excellent nodule production in these 
later experiments. 

An opportunity to test the relative size of nodules produced under identical 
conditions of growth on cowpeas and lima beans was presented in connection 
with other experiments. Lima beans and cowpeas were planted in the same 
jars of sterile sand. In some treatments bacteria from cowpea cultures and 
in other treatments bacteria from lima-bean cultures were applied as the in¬ 
oculation for both kinds of plants. Nodules were larger on the cowpeas than 
on the lima beans of the same age. The general tendency for larger nodules 
on the cowpea than on the lima bean, at the earlier stages of growth, is in agree¬ 
ment with similar observations made between the nodule sizes of the cowpea 
and the soybean. The explanation offered for the difference in nodule nze 
is based upon the relative nitrogen contents of the cowpea and lima bean seeds. 
The nitrogen content of lima-bean seeds is approximately twice that of the 
cowpea seeds. This fact coupled with the slower rate of growth of the lima 
bean would delay the need for atmospheric nitrogen and consequently not 
hasten the nodule development. 


DISCITSSION 

These experiments further emphasize the profitable field of investigation 
that is still open in the study of legume bacteria from the standpoint of cross¬ 
inoculation. Njp fundamental relationship has yet been approached on which 
any satisfactory explanation for the grouping of legume bacteria for inoculation 
purposes can be based. 

To repeat an earlier statement this work reports the first definite case known 
to the authors where all the species within a given plant genus are not inocu¬ 
lated by the same nodule bacteria. No reason can be ^ven at this time for 
the apparent excqition, although it is recognized that the metabolism of the 
lima bean is ynlikp. that of the other beans studied. That other cases of this 
kind exist seems probable and no doubt further study will discover such. 

It had previously been shown (1, p. 13S, 136) that cowpeas are inoculated 
by nodule bacteria from 17 plant i^iedes, representing 9 plant genera, several 
of which (Corssa, Acacia and Vigna) stand widdy apart botanically. It has 
been diown now that the nodule bacteria of another species {Phaseolus Imaius , 
hma bean) xd another genus cross-inoculates with the cowpea. 
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CONCttTSIOKS 

1* The nodule bacteria of the litna bean {Pkasecius ImcOusyut distinct 
ftom those of the navy and kidney beans {Pha$eolus vulgaris) for inoculation 
purposes. 

2. The nodule bacteria of lima beans are identical with those of the cowpea 
group for inoculation purposes. 
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THE INFLUENCE OF SOIL REACTION ON THE GROWTH 
. OF ALFALFA* 
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New Jersey Apicultural Ewperment StaUon 
Received for publicfttfoa Auiuit 2, 1920 

The Application of hydrogen-ion concentration measurements in problems of 
soil fertility and plant growth is of only recent origin. The importance of 
such Studies has been pointed out by Gillespie (2) who was the fimt to make 
use of the hydrogen electrode on a somewhat extensive scale to measure the 
hydrogen-ion concentrations of soils in suspension. Later Gillespie and Hurst 
(4) and Gillespie (3) measured the hydrogen-ion concentrations of soil extracts 
or suspensions in water by a simple colorimetric method, stating that the two 
methods agreed sufficiently well to show that either one 3deld3 approximately 
^ correct results. Sharp and Hoagland (12) also discuss the importance of 
h 3 rdrogen-ion concentration measurements in connection with soil fertility 
problems. Plummer (11), Wherry (13), Knight (8), Joffe (7), and others 
have made hydrogen-ion concentration measurements of soil suspensions or 
water extracts of soils either by the use of the hydrogen electrode or by the 
simpler colorimetric method in connection with soil fertility investigations or 
in studying other soil phenomena.' 

Studies relating to the specific effects of the hydrogen-ion concentration on 
the growth of agricultural plants are indeed limited. Hoagland (6) studied 
the effect of hydzogen-ion concentration in nutrient solutions on the growth of 
barl^ seedlings, and points out that comparatively few experiments have 
been recorded which l^r directly on the growth of the plants of agricultural 
importance as affected by the acidity or alkalinity of the media in which they 
were grown. 

An attempt has here been made to adjust the soil reaction, as indicated by 
hydrogen-ion determinations^ of a single soil type by the use of sulfuric acid 
and calcium ca»honate and to study experimentally in a very limited way the 
influence of specific soil reactions upon the growth of affalfa plants. Alfalfa 
was chosen for this work because of i^s economic importance and because of 
its supposed sensitiveness to soil acidity. 

The work was carried out at the laboratory of plant physiology ^f the New 
Jersey Agricultural Experiment Station. It is a pleasure here to esqpress 
thanks to Dr. J. W. Shive for his si^)ervis£cm and interest in the work, ahK> to 
Dr. S. Waksxnan for valuable suggestions. 

No. 6 of the Technical Series, New Jersey Agdcultaral Experiment Stations, 
Department of Flaat Ft^eidogy. 
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EXPERIMENTAL PEOCEDimE 

The soil used in these tests was of the Penn loam type obtained from oneof 
the experimental plots of the New Jers^ Agricultui^ Experiment Station, 
on which alfalfa was grown. The water extract of this soil gave a hydrogen-ion 
exponent (pH value) of 6.4. The hrst step in the preparation of the soil cul¬ 
tures was to establish a range of soil reactions both above and below that of 
the initial hydrogen-ion exponent value of the soil used. To accomplish this, 
preliminary tests were made with soil in drinking glasses. Fifty grams of the 
air-dry soil were placed in each glass. To change the reaction of the soil so 
as to obtain a series of cultures havmg a range in hydrogen-ion exponent values 
below the original value of the soil used (pH 6.4), sulfuric acid (C. P., specific 
gravity 1.84) in varying amounts was thoroughly mixed with the soil in the 
glasses after diluting with a sufficient amount of distilled water to give to the 
soil a moisture content approximately optimum for plant growth. In this 
way a series of ten cultures was obtained varying in hydrogen-ion exponent 
values of the soil extracts from 6 4 to 3 0. In another series of ten cultures, 
precipitated caldmn carbonate (99 per cent pure) in varying amounts was 
added to the soil with thorough mixing in order to obtain a range in the hy¬ 
drogen-ion exponent values of the soil extracts above the original value. By 
this method t^ reaction of the soil in the glasses was changed to give hydro- 
gen-ion exponent values varying from 6 4 to 7 1. 

The soil in the glasses was kept at approximately the optimum moisture 
content for plant growth, and daily determinations were made of the hydrogen- 
ion concentration of water extracts of the soil in the various glasses. After a 
period of from 7 to 14 days, the reaction of the treated soil, as indicated by 
the hydrogen-ion exponents, became constant and no further changes were 
observed. The water extracts were prepared according to the method rec¬ 
ommended and used by Gillespie and Hurst (4). The hydrogen-ion concen¬ 
trations of the soil extracts were determined by the colorimetric method fol¬ 
lowing the work of Clark and Lubs (1) in the preparation of the standard buffer 
mixtures and in the use of indicators. 

Glazed earthenware pots each having a capacity of 1 gallon were used as 
containers. Seven pounds of air-dry soil taken from the same lot as that 
which was used in the preliminary tests with drinking glasses was placed in 
each container. 

The amounts of sulfuric add or of caldum carbonate to be added to the soil 
in the containers in order to obtain a series of soil cultures giving the desired 
range in the hydrogen-ion exponent values, were calculated from the data of 
the preliminary experiments. The amounts of sulfuric add added to the soil 
in the various pots ranged from 15.5 cc. to 0.44 cc. This was always diluted 
wUh the distOM water which was applied to the soil to give the desked initial 
niiilue ccmtent which was the same in all the pots. The caldum carbonate 
win ihoroug^ adzed with the ak-dry soil and the distilled water was added 
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cft6rwftrd« The amounts of calcium carbonate added to the soil in the varioua 
pots ranged frmn 1.0 to 8.05 per pot. A series of 18 treated cultures and 2 
checks, untreated, was thus pr^)ared, giving a range in hydrogen-ion expon^t 
values varying at somewhat irregular intervals from 3.0 to 7.1. The pots 
were allowed to stand in the greenhouse unplanted until the hydrogen-ion 
esqxment values of the soil extracts remained approximately constant, as 
in^cated by the tests made from time to time. 

The soil in each of the pots was planted with 50 seeds and after germination 
some of the young plants were removed, leaving 10 plants in each pot. The 
cultures were weighed every other day and at each weighing the water lost by 
evaporation from the surface of the soil and by transpiration was restored by 
the addition of distilled water. The cultures were conducted from October 
28, 1919 to May 5, 1920. Hydrogen-ion concentration measurements of the 
soil from each culture were made at regular intervals throughout the growth 
period; in all 12 determinations for each culture in the series were made. At 
the end of the growth period the plants were harvested, and the dry weights of 
tops, per cent of nitrogen in the tops, and the relative number of nodules on 
the roots of the plants from the various cultures were determined. 

EXPERIMENTAL RESULTS 

The numerical data showing the relation between the soil reaction as indi¬ 
cated by the hydrogen-ion exponent values of the water extracts of the soil 
samples taken at regular intervals during the growth period, and the various 
quantitative plant measurements are presented in table 1. In the table are 
given four columns of pH values, three of which represent the results of tests 
made at the beginning, near the middle, and at the end of the growth period, 
while the fourth column gives the averages of all the determinations (12 in 
number) for each culture. These columns of pH values serve to show the gen¬ 
eral trend of the change in the reaction of the soil in the various cultures during 
the growth of the plants. 

A comparison of the average pH values with the conesponding percentages 
of geiminatioxvJbrings out the fact that the germination of the alfalfa seed was 
greatly reduced in the cultures showing average pH values of the soil extracts 
below 4.5. In piltu^e 1, the soil extract of whi^ gave a pH value of 3.3, no 
gennination occurred. As the hydrogen-ion concentration of the soil decreased 
from a pH value of 3.5 to one of 4.5, a gradual increase in the percentage of 
gennination is shown. However, germination was remarkably constant in 
cultures showing a range in the avenge hydrogen-ion apmtni values from 
4.5 to 7.0. 

The data of table 1 show very clearly that alfalfa may grow fairly wdl in a 
very add soil, as is indicated by the growth of the plants in culture 4. The 
SOS in this culture gave an average hydrogen-ion exponent value of 3.8. While 
only three plants survived this h^h h 3 rdrogen-i(m concentration, the fact 
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tmaim that these three plants, alter beconodng established, made very good 
growth, and this is also true of tbt four surviving plants in culture 5, ajad the 
five surviving plants in culture 6. It is to be emi^hashsed, however, that in these 
cultures and aiso in those with smls giving somewhat fal^ner hydrogen-ion ex¬ 
ponent values, the plants experienced difficulty in establishiDg themsdves. 
During the first two months the plants were retarded in growth, making slow 

TABLE 1 


Numerical data ihewing iha rdoHon of sail reaction to teminoHent nodule formation, dry^ 
weight yidds of tops, and nitrogen content of alfalfa tops grown from October 29 to May 5 
in soil c ul t ur es 


oinuiuu 1 

mncBsa 

pH VAieis or wAin sxtiacts or soil' 

H 

MODirLIS 

rsapLAMT 

ULAIXVSID 

Tiostor 

CULTUIB 4 
Asmnrr 

MY WMOW 
or TOTS (10 
rLAMTS) 

TOVAL 

NXmOGIKIlf 

TOTS 

October 

2S,oii8iiud 

Jsnttsry 

28 

Mays. 

&ua 

Aversie 

ofaUm 

teste 






piremt 



prretnt 

1 

3.0 



3.3 

0 




2 

3.2 



3.5 

5 




3 

3.4 

3.8 

3.8 

3.6 

28 




4* 

3.6 

3.8 

mSm 

3.8 

60 

1 

3.7 

1.85 

5* 

4.0 



4.0 

85 

4 

4.9 

2.44 

6* 

4.1 


4.8 

4.3 

90 

2 

6.2 

2.94 

7 

4.4 

4.4 

5.0 

4.5 

94 

1 

6.7 

2.89 

8 

4.8 

5.0 

6.0 j 

5.0 

94 

3 


3.08 

9 

5.6 

5.8 

6.0 

5.7 . 

94 

3 


3.03 

Check 

6.4 

6.2 

6.4 

6.3 

92 

4 

6 8 

3.21 

11 


6.6 

6.2 

6.3 

94 

5 


3.58 

12 


6.6 

6.4 

6.4 

95 

5 


3.53 

13 


6.6 

6.6 

6.5 

94 

5 

8.4 

3.28 

14 


6.6 

6.6 

6.7 

94 

mm 

8.0 

3.41 

IS 


6.8 

6.6 

6.7 

94 

mm 


3.42 

16 


6.8 

6.7 

6.8 

94 


wsm 

3.41 

17 

7.0 

6.9 

6.8 

6.8 

94 


7.7 

3.52 

18 

7.0 

6.9 

6.9 

6.9 

^ 94 


7.8 

3.56 

19 

7.1 

7.0 



94 

■I 

8.7 

3.60 

Check 

6 4 

6.4 

6.4 

6.3 


Bi 

6.8 

3.14 


* Three plants only survived in culture 4, four plants in culture 5, and five plantsin 
culture 6. After becoming established the plants in these cultures made good growth. 


inrogress. During the latter half of the growth period, however, these plants 
appeared to grow more rapidly than did those in the cultures the soil extracts 
of which had lower hydrogen-ion concentrations. 

To bring out more clearly the relation of the hydrogen-ion concentrations 
of the soil exttacti to the dry wdgbts of alfalfa tops and to their nitrogen 
conti^, the valjiefi x^reaenting these measurements taken from the proper 
cduxlp of^^^dde 1, were plotted to form the graphs of figure 1, the broad, 
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RRfxow, ttxA dotted lines rq>resenting, respectively^ the dry weights d tops, 
avenge pH values, and per cent of nitrogen in the alfalfa t(^. The single 
set of ordinates may here ref^ to dry weights, pH values, or percentages of 
nitrogen when applied to the graphs representing these measurements. 

The graph representing dry weights, although it is somewhat irregular, 
shows a general agreement with the graph of pH values, in sloping gradually 
toward to the right. This indicates a gradual increase in the 3 delds of alfalfa 
t<^ with corresponding decrease in the hydrogen-ion concentration of the 
soil extracts from the various cultures. It will be observed, however, that 
cultures 13 and 14, for which average hydrogen-ion exponents of 6.5 and 6.7 
are indicated, produced almost as high yields as did culture 19, showing an 
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Fig. 1. Graphs Showing the Relation of Yields and Per Cent Nuroosn CoifTBirT 
OF Alfalfa Tops to the Reaction of the Son in 
Which the Plants Were Grown 

Ordinates represent grams, pH values, or percentages when referred to yields, soil reac¬ 
tion, or nitrogen content, re^)ectively. 

average hydrogeh-ion exponent of 7.0. It is important here to note that the 
plants in the cultures with higher hydrogen-ion concentrations of the soil 
water, particularly in the cultures in which the soil reaction was adjusted by 
the use of sulfuric add, showed better root development than did the plants in 
the cultures in which the soil water had a very low hydrogen-ion concentration 
or a neutral reaction. This is perhaps* to be ascribed to the effect of the sd- 
fates formed by the introduction of sulfuric acid into the soil. Hart and 
Tottingham (5) have shown that sulfates have an especially beneficial influence 
an root developm^t, particularly on the roots of red dover, to which alfalfa 
bears a dose relations^p and may respond to the influence of sulfates in a 
similar manner. 
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A very interesting feature of the effect of soil reaction on the growth of 
alfifilfa is its influence upon the nitrogen content of the plants. As the gxajdis 
of figure 1 clearly show, the nitrogen content of the plants increases corre- 
qpondin^ as the average hjrdrogen-ion exponents of the soil extracts from 
die different cultures increase. In a general way the same rdaticm exists be¬ 
tween the relative number of nodules formed on the roots of the plants in the 
various cultures and the hydrogen-ion exponents of the soil extracts, as may be 
observed from an examination of the data in table 1. lipman and Blair (10) 
have pointed out that the nitrogen content of leguminous plants grown on 
unlimed plots is lower than is that of plants of the same species grown on limed 
plots. They correlate this phenomenon directly with the greater abundance 
of nodules on the roots of the plants grown on ihfi limed plots, which indicates 
a greater capacity of the nodule-forming organisms for the fixation of atmos¬ 
pheric nitrogen, thus fumishmg the plants with a greater supply of available 
nitrogen. This, however, does not explain the increased nitrogen content of 
non-leguminous plants grown on limed plots as compared with those grown on 
unlimed plots, a fact which was rqmrted by these same authors in an earlier 
publication (9). 

In this connection it might be suggested that the soil conditions which influ¬ 
ence the activity of the nodule-forming organisms may in a like maimer influ¬ 
ence the nitrogen assimilation of non-leguminous as well as of leguminous 
idants. Whatever may be the true explanation, it appears that the reaction 
(hydrogen-ion concentration) of the medium in which the plants are grown 
ha^ a direct influence upon the nitrogen content of the plants. 

It is to be emphasised that no attempt was here made to determine the 
specific soil reaction as indicated by the hydrogen-ion exponents of the soil 
extracts to which the alfalfa plant responds best. To do this would necessitate 
extending the range of soil reactions to include hydrogen-ion exponent values 
considerably beyond the neutral point on the alkaline side. With the soil 
type here used this could not be accomplished without too greatly altering the 
proportions of the mineral constituents of the soil solution. It is, of course, 
quite probable that each soil type possesses a specific optimum or an optimum 
range of hydrogen-ion concentration values for the growth of alfalfa which is 
different from that of other soil t 3 ^pes. 

SUIOIA&Y 

Alfalfa was grown in pots containing sml the reaction of which was adjuited 
by the use of sulfuric add and cakium carbonate. A series of 20 cultures was 
prepared showing a range in the hydrogen^km concentrations of the soil ex¬ 
tracts varying at smnewhat irregular intervals from a pH value of 3.0 to one 
of 7.1. Water extracts of the soil from eadx culture were pttpBxtA at regular 
intervals duxifi|( the growth of the {flants and the hydrogen-km concentrations 
d4|||amiiied 
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1. The germmation of alfalfa seeds was practically the same with pH values 
of the soil varying from 4.5 to.7.0, but was greatly reduced in cultures which 
yielded soil extracts having pH values below 4.5. 

2. Yields of alfalfa tops showed a gradual increase with an increase in the 
pH values of the soil extracts from 3.8 to 7.0. The alfalfa plants experienced 
difficulty in becoming established in cultures yielding soil extracts with high 
hydrogen-ion concentrations, but after becoming established they showed 
normal green color, high vigor, and made excellent growth in soil having a pH 
value as low as 3.8. 

3. With increasing hydrogen-ion concentration of the soil extracts, nodule 
formation on the roots of the plants was correspondingly less abundtuit. 

4. Plants in the cultures which yielded soil extracts with very low hydrogen- 
ion concentrations showed poorer root development than did the plants in the 
cultures with higher hydrogen-ion concentrations of the soil extracts. 

5. The nitrogen content of the plants showed a gradual increase with a cor¬ 
responding decrease in the hydrogbn-ion concentration of the soil extracts. 
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THE EFFECT OF FERTILIZERS ON BLUEBERRIES^ 
CHARLES S. BECKWITH 
New Jersey AgricuUueal ExperimetU Station 
Received for publioition Auguet 24, 1920 

In a recent paper (1) the writer has shown the effect of certain fertilizers 
upon the yield of cranberries, in the course of experimental work conducted 
at Browns Mills, N. J. in 1919. A large blueberry plantation situated on 
the same property as the cranberry substation gave the writer an exceptional 
opportunity to observe the effect of certain commercial fertilizers applied to 
the blueberry. The blueberry {Vacdnium carymbosum) is a close relative of 
the cranberry (Vacinium oxycoccus). The commercial cultivation of the 
former is practically new, although the latter has been grown under artiffcial 
conditions for a* half-century. The soil on which both plants are grown has 
a slightly add reaction, and is usually more or less sandy and well irrigated. 

Many papers have been published on the commercial culture of the blue¬ 
berry by F. V. Coville, of the Bureau of Plant Industry, United States 
Department of Agriculture (2, 3, 4, 5,). 

The blueberry plantation at Browns Mills is 4 to 5 years old. Early in 
the spring of 1919 the plants started slowly with a starved yellow appear¬ 
ance, and the large set of fruit buds showed no probability of maturing fruit 
unaided. An application of plant-food suggested itself as a means of increas¬ 
ing the active le^ surface of the plant, thereby increasing the fruiting possi¬ 
bilities. The writer was asked to recommend a mixture which, in his opinion, 
would be the most economical. Because of lack of space for experiments, it 
was necessary to reduce the problem to a choice amung three substances. 
Experience with the cranberry plant led the writer to believe that the ques¬ 
tion was whether % quick acting mineral fertilizer or a more slowly available 
mixture was best suited to the needs of the blueberry plant, and also how 
much the plant was in need of nitrogen. Basing the work on this judgment 
the writer planned an experiment of five plots, arranged and treated as in 
table 1. 

The fertilizer applied on these plots was purposely put on in large amounts 
in order to get results which could be interpreted within the shortest possible 
time. At the end of 2 weeks a very great difference was noted i|i t^ plant 
growth. The proportion of leaf surface to fruit had increased in all the 
idots receiving plant-food. In plot 2 the leaves and nea^ stems showed 

> Fsper No. 7 of the Technical Scries, New Jeney Agricultural Experiment Stations, 
Cranhegy Suhrtation. 
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fcha dark green cobr peculiar to plots having an overdose of nitrogen. Pleti 
3 and 5 both showed more fdiage than plot 4 and the general appearance d 
plot 5 seemed to be best. From these early indicatums the writer reomn^ 
mended an application of 600 pounds of a mixture similar to that on no. 5. 
Throughout t^ year plots 3 and 5 had an exceptionally good appearance, 
growing larger and having larger berries than plot 4. 


TABLE 1 

FertUiter treatments per acre on hlueherrUs 


run tman. 

niATMBNT 

1 

Nothing 

2 

250 lbs. nitrate of soda 

3 

250 lbs. nitrate of soda 

750 lbs. add i^iosphate 

250 lbs. Nebraska potash 

4 

Nothing 

5 

170 lbs. nitrate of soda (15.20 per cent N) 

230 lbs. dried blood (13.2 per cent N) 

340 lbs. steamed bone (2.50 per cent N, 22 90 per cent P«Qi) 

340 lbs. phosphate lodk (26 ^ per cent PsQi) 

170 lbs Nebraska potash (28.5 per cent KsO) 


The yield in 1919 was not recorded because of lack of help at the bearing 
season. However, it was noted that individual berries on the plots receiving 
the fertilizer were much larger than on the check plots. 

In the spring of 1920 the blossoms on plots 2 and 3 were so numerous that 
it was evident again that the bushes could not mature all the fruit. This was 
especially evident on plot 3. The bushes in plot 5, while they seemed to 
have a preponderance of blossoms over leaves, were in much better condition 
than those on plot 3. 

The applications made in 1919 were repeated in 1920, excq;>t that plot 5 
was divided into two parts and mily half of the plot received the treatment. 
This made 6 plota^ The crop yields were taken on three rows, each adiffer- 
ent strain of blueberry, and the yields 6L plots 5 and 6 were douUed in otder 
to make their yield comparable to the yields of the other plots of twice thdr 


size. 


I crc^ record is given in table 2. 

>tA show that the fertilizer treatment did not hurry the ripening of 
»in any great degree, as the rows matured quite evenly. 

(3 pritents the 3 dekl 8 calculated tm the acre bans. 

»large yidd d plot 1 over that of plot 4 is due to the fact that the plants 
ot 1 are one year older than the plants in plot 4. Plots 5 and 6 have 
r the same yield, or at least idthin the limits of experimental error. 
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This to indicate tbat the fertilizer applied last year is sufficient to last 
two ymt$. The outstanding fact in the table, however, is tbat a wdl chosen 
fertilizer mixture increased the crop to a point three times as great as the 
yield of the nearest untreated plot. 

TABLE 2 


Yidd of bludterries on experimental plots 



JULY 17 

JULY 28 

AUOUBT 4 

AUGUST 11 

AUGUST 18 

TOTAL 


qts. 

qts. 

qts. 

qts. 

qts. 

qts 

Plotl 







Row 1. 

2.00 


1.00 

0 50 

None 

5 80 

Row 2. 

4.20 

2.50 

1.10 

0.20 

None 


Row 3. 

5.00 


1 40 

0.20 

None 

11 60 

To al. 






25 40 

Plot 2 






Row 1. 

2.50 

4.16 

2.00 

1.00 

None 

9.66 

Row 2. 

2 80 

2.65 

0 90 

0.15 1 

None 

6.50 

Row 3. 

2.20 

1 65 

0 65 

0.20 

None 

4.70 

Total. 







Plot 3 






■■ 

Row 1. 

3.00 

2.00 

2.15 

2.15 

2.00 


Row 2. 

5.10 

10 60 

1.70 

0 40 

None 


Row 3... 


1 90 

1.30 

0 30 

None 


Total. 






36.90 

Plot 4 







Row 1. 


2 00 

0.50 

0.12 

None 

5.12 

Row 2. 

2.70 

2.30 

090 

0.10 

None 

6.00 

Row 3. 

2.70 

1.80 

0.80 

0.20 

None 

5.50 

Total. 






16.62 

Plots 







Rowl. 

5.50 

11.00 

4.50 

3.00 

1.50 

25.50 

Ilow2. 

4.30 

3 50 

1.00 


1.50 

10.40 

Row 3. 

8.00 


1.60 


None 

14.80 

Total..,. 1 .. 






50.70 

Plot 6 







Row 1. 

3.30 

12.50 




28.40 

Row2. 

3.50 


1.00 


None 


Row 3. 

9.00 




None 

Rm 

'Tntnl . 



. 

. 1 











The variethi xepreieiLted in each row aie; Row 1, Dunfee; row 2, Inm an I; tow 3, 
fnaumH 
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■1 
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2$0 fiMo Nebraika potash 

Same as fa 1919 

1474 0 

4 

NotUng 

NotUng 

1 

464g 

5 

ll4U^iilttatoof loda 

230 lbs ddedUood 
340Ibi.itaaxDadlKme 

310 Ibf. pho^)hate rock 

170 Ibi. Nebraika potaidi 

Same as in 1919 

202SO 

4 
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COOPERATIVE EXPERIMENTS FOR THE COMPOSTING OF 
PHOSPHATE ROCK AND SULFUR 


W. B. ELLETT aj® W. G. HARRIS 
Virginia AgricnUnral Eaepermeni Station 
Iteedved for pubUcotioa July 9, 1920 

In Virginia the limiting factor in plant production is more often phosphorus 
than any of the other plant-food elements. This is proven by the widespread 
use of add phosphate by the farmers of Virginia as well as by experiments 
conducted by the Experiment Station in different localities. Increased 
yields are nearly always obtained when add phosphate is used as the carrier 
of phosphorus. There are other carriers of phosphorus available for tise, and 
the relative merit of these different phosphates for agricultural purposes has 
been under investigation for a long time. When acid phosphate and rock 
phosphate have been compared, the results show that the ground rock jdiOB- 
phate is very slowly available and that it rarely increases the yield, at least 
on 'N^ginia soils (4). 

Rock phosphate, the chief source of all phosphorus fertilizers, occurs in 
vast deposits and it may be used with no other preparation than grinding, 
but the bulk of it is treated with an equal amount of sulfuric add and con<* 
\erted into acid phosphate. Although this contains only about half as 
much phosphorus as the original rock, it is considered a much better fertilizer 
because the plant-food is immediately available. 

A series of investigations conducted in this country and in Europe suggested 
to Lipnuui that sulfur, when composted with phosphate rock and soil, would 
increase the availability of the phosphorus. Lipman, McLean and lint (5), 
Brown and Gwinn (2), and Ames and Richmond (1), have made investiga¬ 
tions and have (hsmonstrated that available phosphoric add is produced by 
such treatment. For a complete bibliography see the artide by McLean on 
the oxidation of sidfur hy microbrganiams (6). 

In 1917 the (iemand for sulfuric add for the manufacture of munitions 
became so great that it was feared that the supply for the manufacture of 
add pho^hate would be curtailed or even cut off entiidy. This shortage of 
add incr^tsed the cost of add phosphate and at the same time the demand 
for increased crops became imperative, 

fa November, 1917, the National Research Council, Council of National 
Befenae, a meeting of agricultural workers to conskler means of increas¬ 

ing the avaSataUty of the phosphorus in rock phiMphate, whidi could be used 
as a sidMtitle for a^ phcxqphate. The results recorded in thii paper were 
obtained hf conduering ei^miments outlined at thii meetihg. 
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Vm primary object of the eiperiment was to determine the changes that 
imdd take place when phosphate rock was composted with soQi suUur and 
manure. 


Materials used 

phosphate rock. The floats used was a commerdai sample sold by Armour 
and Company oi Chicago, which contained 30.99 per cent apparently it 
was a blue rock phosphate from Tennessee. 

Sulfur. Commercial ground sulfur was used. 

Manure. The manure used was a mixture of horse manure and cut straw. 
The manure contained 76 per cent water and 0.4 per cent nitrogen. 

Soil. The soil employed was obtained from the Virginia £]q)eriment Sta¬ 
tion’s {flats and belonged to the Hagerstown series. It was a clay loam and 
had never been limed. Its composition is given in table 1. 

TABLE 1 

Analysit of UmosUm day loam (air-dried), surface soil 


ptretnt 

JUUDUiOie lOHKcer ayurouuuinc ouu, sp. ...oy.au 

Fotarii... 0.16 

SSda. 0.09 

lime. 0.76 

Megnesia. 0.71 

Iiea oxide. 0 87 

Ahunias. 1 47 

Plio^dioric add. 0.07 

Solfu^add. 0.03 

Water and oxgaaic matter. 4.36 

Humus. 0.81 

rntrogen.. 0.136 

Total potadi (by J. Lawrence Smith method)... 0.200 

Total phoqdu^ add (by fusbn method). 0 133 

So-called available potash (by 0.2 N nitric add method). 0.020370 

So-called available phosphoric add (by 0.2 N nitric add method).. 0.004070 


Water. Water used in keeping up the moisture content of the composts 
was tap water and contained 0.0014 per cent SOf in combination with calcium 
as calduTn sulfate. 

Composts. The composts were made up on a concrete floor. The inocu¬ 
lated s^, furnished by the New Jersey Agricultural Experiment Station, was 
flist mixed with about 20 pounds of soil and was then thoroughly incorporated 
with 50 pounds of soil, and Anally mixed with the whole portion. The sulfur 
was mined thoroughly with the phosphate rock and finally the ei^tire amount 
of plliphttt rock^ sulfur and s^ was thmoughly mixed with a shovel 
A small qpaatity ci eadi mixture was withdrawn and the water-hcflding 
rptpadty d heaprwas detennined. Then suiScient water was added to 
^Ixriiig the content of each heap to about 60 per cent satumtion. 



















coiiposiiKo or rocac raosrauiTft anp suifttr 


317 


The composts remained on a concrete floor under glass for the first 12 
months, tlm all the composts .were put in large boxes. Each compost was 
stirred tlumughly every 10 days. In order to hold the water content between 
SO and (50 per cent of its water-hdding capacity, it was necessary to cover 
the heaps with sacking to prevmt the too rapid loss of water by evaporation. 
The temperature was taken at least once a day and generally twice, through^ 
out the first year. Apparently the temperature varied directly with the day. 
None of the heaps showed any evidence of heating up. After the first year 
the water content was not kept within such narrow limits, the piles being 
allowed to dry to a considerable extent before the moisture content was 
brought back to 60 per cent of the water-holding capacity. 

Samples were taken from composts lA and IB (table 2) about the first 
of each month. Those from 2A and 2B were taken on the fifteenth, as the 
second set of composts were started 15 days later than the first. 


TABLE 2 

ComposUioH of composts 


« 

MO 1a 

MO la 

MO 2a 

MO. 2a 


lbs. 

lbs. 

lbs. 

lbs 

Soa. 

200* 

400 

200* 


Ground rock phosphate . 

600 


600 


Manure. 



200 

200 

Sulfur.. 

200 ^ 

IIIIH 

200 



^ Included the inoculated soil. 


EXPERIMENTAL WORK 

In carrying out this work it was necessary to determine water-soluble 
phosphoric add, ammonium-dtrate-soluble phosphoric add, total phosphoric 
add, and the sulfur present as sulfate. The following methods were used: 

Wafer-sclubU phosphoric odd. Ten grams of the sample were weighed out, 
put on a small filter and washed with hot water until the filtrate measured 500 
cc. An aliquot was analyzed by gravimetric or volumetric methods. 

Antmomim'-cUraie-solublo phosphoric acid. The method followed was 
suggested by J. Amlb>, and was practically the same as used by Shedd (6). 
Ten grams of material were treated with 100 cc. neutral anunonium-dtrate 
solution and made up to 500 cc., and an aliquot of the filtrate was taken for 
analysis. 

Total phosphoric add. Aqua regia or sulfuric add was used as the solvent. 

Sidfudc aetd. Two grams were taken and made up to 100 cc. with 1 per 
cent hydrochloric add; this was shaken once every hour thmugh the day, 
allowed to Stand over-night, filtered and an aliquot taken for analysis. 

Where the sulfur was used in the compost, the manure had not disbteg** 
rated at the end of two years. 
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In composts lA and 2A both the water-soluble imd aima<mium-citnbte- 
sduble phosphoric add gradually increased (table 3). In lA the compost of 
aoil» ground rock phosphate and sulfur, the water-soluble phosphate increased 
from 0.02 per cent to 0.88 per cent, and the ammonium-dtrate-soltible from 
0.32 per cent to 3.10 per cent. Where manure and sulfur were used in the 
compost the water-soluble phosphate increased from 0.02 per cent to 1.06 
per cent, and the ammonium-dtrate-soluble frmn 0.39 to 3.35 per cent. In 

TABLE! 


Water-soluble and ammonium-citrate-sokdile phosphoric acid (PiOi) found in the composts 


DATB Of TASXMO 

NO. lA. SOIL, OaOUND 
BOCK PBOSPBATl 

ANBBtTLrilB 

NO. iB. soil. 

AND OBODND BOCX 
PBOSPBATX 


NO. 2b. son., 
ICANUIB, OBOOMD WOOL 
raOSPBATX 

lAKfLX 











Ammo- 


Ammo- 


Anmo- 


Ammo- 


Water- 

* nium- 

Water- 

niom- 

Water- 

nium- 


nium- 


soluble 

citrate- 

aoluble 

citrate- 

soluble 

citrate- 


citrate- 



loluble ' 


soluble 


soluble 


soluble 

tm 

percent 

per cent 

per cent 

percent 

percent 

per cent 


percent 

January. 

0 02 

0 32 

Trace 


0 02 

0 39 

Trace 

0.39 

February.... 


0 35 

Trace 




Trace 

0.39 

March. 

003 

0 36 

Trace 

0 31 


0 36 

Trace 

■Eh 

April. 

EXEI 

0 37 

Trace 

0 34 

0.40 

0 96 

Trace 

III 

May. 

0 30 

1 06 

Trace 

0.29 

0 56 

1 37 

Trace 

119 

June. 


1 45 

Trace 


0 90 

1 88 

Trace 

0.36 

July . 

0 78 

1 63 

Trace 


0.80 

2 18 

Trace 

0.32 

August. 

0.77 

1.88 

Trace 


0 77 

2.28 

Trace 

0 31 

September.... 

0 78 


Trace 

0 32 

0 82 

2.45 

Trace 

0.31 

October. 

0.79 


Trace 

0 34 

0 83 

2 85 

Trace 

0 32 

November.... 

0.80 

2.42 

Trace 

0 32 


2 81 

Trace 

0.37 

December.... 

0.77 

2.45 

Trace 

0 32 

0.92 

2.87 

Trace 

0 31 

tm 









January. 

0.82 

2.42 

Trace 


0.87 

2.75 

Trace 

0.33 

March. 

0.54 

2.42 

Trace 


0 66 

2.64 

Trace 


June. 

0 76 

2.62 

Trace 

0.57 

0.91 

3.06 

Trace 

0.45 

September.... 

0 77 

2.79 

Trace 

0.60 

1.06 

3.35 


0.33 

mo 









January. 

0.88 

3,01 


0.67 

0.56 

3.12 


0.31 


this instance the ma^um percentage occurred in September, 1919, and 
dropped at the next analysis in January. 

In IB and 2B both the water-soluble and ammonium-dtrate-soluble phos¬ 
phoric add remained practically constant throughout the whole experiment. 
In IB, the compost ^thout manure, the ammonium-dtrate-solubie phos¬ 
phoric add iamhthttA 0.37 per cent in the last two determinations. 

The incmlMk th^ percentage of sulfur as SQt goes band in hand with the 
increase of aimi^ phosphorus, and in fact slightly precedes the gain of the 
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TABLE 4 


SulftiT pmmU as SOt 


MiBCf tixnraiAicrLB 

MO. U. son, OtOOMD 
tocanospHATi 

AND aULIUt 

NO. U. •OS.AMD 
OlODNDlOCX 
noaraAii 

NO. 2a. 800, 
NANUIX.OtOOMO 
lOcarNoanuTE 
AND aULfUa 

NO. 2a. 800, 
MAMDltANDOIOUND 
BOCK raoavBATB 

lots 

p$r ant 

Orrant 

pfCMU 


JaBnuy. 

1.11 

1.01 

1.10 

1.11 

Fd>ruaiy. 

1 05 

1.03 

1.09 

1.16 

March. 

1.62 

0.96 

2.45 

1.06 

April. 

2.43 

0.99 

2.94 

1.11 

May.;. 

3.32 

1.14 

3.40 

1.11 

June. 

4.17 

1.24 

3.78 

1.52 

July. 

4.36 

1.01 

6.20 

1.43 

August. 

7 12 

1.50 

6.35 

1.70 

September. 

7.81 

1.45 

8.00 

1.70 

October. 

8 46 

1.40 

» 8.52 

1.53 

November. 

8.75 

1.40 

6.52 

1.52 

December. 

7.13 

2.20 

6.61 

1.51 

1019 





January.. 

7.73 

2.37 

7.13 

1.38 

March. 

8.40 


8.16 


June... 

9.04 

3.06 

8.66 

1.68 

September. 

9.21 

3.50 

8.15 

1.96 

1920 





January. 

8.92 

3.57 

7.70 

1.92 


TABLE 5 


Comparison of the availobUity of phosphoric acid 



NO. lA 

NO. il 

NO. 2a 

NO. 2b 


per ant 

ptrant 

per ant 

paomt 

At the beginning: 





Total PA. 

19.13 

18.81 

18.33 

18.11 

Water-soluble PA.. 

0.02 


0.02 1 


Ammonium-dtrat^-soluble PA. 

0.32 

0.30 

0.39 

0.39 

Total PA available... 

1.67 

1.59 

2.13 

2.15 

December, 1919 (end 1 year): 





Total PA. 

16.35 

18.81 

15.52 1 

18.81 

Water-iolttble PA. 



0.92 


Ammonimn-dtrate-soluble PA. 

2.45 

0.32 

2.87 

0.31 

Total PA available . * 

14.98 

1.70 

18.48 

1.64 

January 8,1920 (end tecond year) 





Total PA . 

mmm 

18.44 

16.16 

18.36 

WateMohible PA. 

0.88 

0.02 

1.06 

j 

AmmoniuiiKitrate-foluble PA .. 

, 3.01 

0.67 

3.35 

0.33 

Total PA availaUe . 

18.47 

3.63 

20,73 

1.80 
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Hie greatest increase in sulfate was found where soil^ suKur and xodt phos^ 
phate were composted. The amount was greater than in compoBt 2A, where 
manure was present. At the beginning, the addition of manure apparent^ 
increased the sulfate formation, but by the end of the year the compost with¬ 
out the manure contained the higher percentage of sulfates. 

^ere soil and ground rock phosphate were composted the percentage of 
sulfates remained more or less constant for a year, and then a slight increase 
occurred. The increase was from 1.01 per cent to 3.57 per cent. Where 
manure was added the percentage of sulfates did not increase very much the 
first year and the total increase was not as great as that in compost IB. 

In conqiost 2A where sulfur, manure, soil and rock phosphate were used, 
the available phosphoric add increased from 2.13 per cent to 20.73 per cent 
(table 5). The next largest increase was shown in compost lA which con¬ 
tained phosphate rock, soil and sulfur. The available phosphoric add 
increased from 1.67 to 18.47 per cent. 

In the composts where no sulfur was added, there was practically no 
increase of available phosphoric add, and in compost 2B where manure was 
added, there was a loss of available phosphoric add. 

Supplementary Experimenl No. 1. A supplementary experiment was under¬ 
taken which had for its object the study of the changes that would occur in 
the nitrogen content of manure, where sulfur and rock phosphate were used 
as preservatives. The composts were prepared and analyzed substantially 
as those discussed above, and had the following composition: 



COMPOST A 

COMPOST B 


lbs 

lbs. 

Manure. 

500 

500 

Floats. 

5 

5 

Sulfiir. 

1} 



During the first year these composts were stirred thoroughly once every 10 
days and watered whenever the moisture content was low. Samples were 
tato about the fifteenth of the month, air-dried, ground and analyzed. 
The ammonia, nitrate and total nitrogen content of the compost were deter¬ 
mined in the origii^ samples and at intervals running over a period of two 
years. 

The results given in table 6 Aow that the percentage of total nitrogen in 
compost A remained practically constant. In compost B, where sulfur was 
abi^, the nitrogen percentage showed an increase due to the decomposition 
of the organic matter. 

file nitrale con;^t of compost A remained constant, the ammonia content 
hjliNhaed frMi QBIS per cent to as high as 0.424 per cent cf nitrogen, grad- 
<fpiQy inntiilBi for ix months and then gradually dropping until at the 
jIp of two when only 0,098 per cent of nitrogen was present. 
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In amjpwt B tbe mtrogcn as nitmtes incmaed from 0.045 to 0.526 per 
caiti the high mark being readied at the end of one year. At the end of 

TABLES 


NUrogm conimt of dry samples 


SAXt 

TOTAL nitooair 

msioosN At mTaAm 


A 

B 

A 

B 

A 

B 

1918 

Pifcmt 

Peremt 

Psrumt 

per ant 

per ant 

perant 

Sample No. 1. 

1.6S7 

1.756 

0.067 

KJLIbfl 

0.015 


February. 

1.812 

1.980 

0 038 

0.068 

0.091 

Baom 

April 14. 


2.395 

0 007 

0.076 


msm 

May 15. 

1 825 

2 425 

0.045 

0.407 

0.328 


June 17. 

1 968 

2.370 

0.045 

0.414 

0.415 

0.030 

July 15. 

1 713 

2.393 


0.498 

0.424 

0.045 

August IS. 

1 814 

2 366 

0.030 

0.487 



S^tember 16. 

1 803 

2 332 


0.501 

0.327 


October 15. 

1 745 

2.479 


0.487 

0.304 

0.015 

November 15. 

1.632 

2 329 

0 052 

0.473 

0.224 

0.030 

December 11 . 

1.758 

2.355 

0.067 

0.526 

0.252 

0.015 

1919 







January 11. 

1.685 

2.441 

0 045 

0.442 

0 260 


June 2. 

1.547 

2.341 

0 112 

0.416 

0.142 


September 2 . 

1 577 

2.287 

0.044 

0.476 

0.118 


1980 







January 8. 

1.609 

2.190 

0.053 

0 391 

0.098 



A Manure, floats and sulfur; B «> manure and floau 


TABLE 1 


Comparison of nilrogen determinations 



A. lIAWO«Z,EOCXPaOSnATX 
ANDSULTOa 

a. hamuis amd iocs « 
raonsATs 


Febniary, 1918 
begitmms 

Jamury. 1920 
end 

Febnuuy, 1918 
befuiunf 

jABtuuy.ioao 

•ad 

Weic^t of mixture. 

5Q6ilb8. 

200 lbs. 

505 lbs. 

109 lbs* 

Per cent of water. 

76.46 

66.48 

77.03 

55.09 

Amount of dry matter. 

119.27 lbs. 

67.04 lbs. 


48.95 lbs. 

Per cent of nitrogen... 

0.398 

0.5388 

0.410 1 

0.9844 

Total amount of nitrogsn- ^ . 

2.012 lbs. 

1.0776 lbs. 

2.072 lbs.’ 

1.073 lbs. 

Dry matter lost. 

52.23 lbs., or 43.79 per cent 

67.05 lbs. or 57.80per cent 

Nitrogen lost. 

0.934 lbs., or 46.66 per cent 

0.999 lbs. or 48.21 per cent 

Amount of nitrogen as ammonia.. 

0.047* lbs, gain 

0.031 lbs. loss 

Amount of nitrogen as nitrate.... 

0.(M61bt.losi 

0.148 lbs. grin 


two years the nitrate content had dropped to 0*391 per cent of nitrogen. 
Ihe ammonkcal nitrogen remained practically c on sta nt . 

C(xn|KMt A| idiere sulfur wsls piesenti did not lose as mudi oigaxdc matter 
by the various decomposing agents as conxpost K Hie difference in wei|^t 
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TABLE • 

St^tfyint tfinr «f artokt VirgiitU toU$ 


•OH 

amroa 

AtSOt 
MAY 2 

Boxra 
AlSOl 
KAY 11 

auiYini 

AaSO« 

AMomra 

ofwum 




AIWKB 


Loudon County 

mgm. 

mtm. 

wttm. 

rngm. 

perMui 

Penn grtvelly loam. 

0.42 

7.04 

6.62 

13.33 

49.66 

Penn atony loam. 

1.27 

1.39 

0.12 

13.33 


Penn loam. 

mwm 

4.79 

2.01 

13.33 

15.08 

Cecil mka loam. 


3.63 

2.76 

13.33 

20.71 

Penn clay. 


3.92 

2.81 

13.33 

21.08 

Cecil clay. 

3.75 

4.60 

0.85 

13 33 

6.38 

Cecil loaiai. 

2.22 

4.74 

2.52 

13.33 

18.90 

Cedi aUt loam. 

1.67 

6.36 

4.69 

13.33 

35.18 

Iridell clay loam. 

1.39 

5.16 

3.77 

13 33 

28.28 

Loudon aimdy loam. 

1.67 

6 36 

4.69 

13.33 

35.18 

Frankatown gravelly loam. 


4.95 

4.22 

13.33 

31.66 

Frederickabuig atony loam. 

l.Sl 

4.17 

4 66 

13 33 

19.95 

Frederickaburg silt loam. 

1.67 

10.32 

8.65 

13.33 

64.89 

BeKalb dlt loam. 

3.95 

6 06 

2.11 

13.33 

15.83 

X)eKalb gravelly loam. 

2.36 

3 43 


13.33 

8.03 

Hageratown atony clay loam. 

3.33 

7 04 

3 71 

13.33 

27.83 

Hageratown day loam. 

2.22 

4 44 

2.22 

13.33 

16.65 

Berks diale loam. 

2.22 

4.76 

2.54 

13.33 

19.05 

Berka ailt loam. 

2.22 

4 94 

2.72 

13 33 

20.41 

Bedford County 






Murrill clay loam. 

0.86 

2.16 


13.33 

9.75 

Murrill fine aandy loam. 

0.81 

2.25 

1.44 

13.33 

10.80 

Campbell county 






Iridell fine aandy loam. 

0.69 

2.22 

1.53 

13 33 

11.48 

Louiaa fine aandy loam. 

0.50 

2.68 

2.18 

13.33 

16.35 

York loam. 

0.88 

2.22 

1.34 

13.33 

10.05 

York free aandy loam. 

0.73 

2 25 

1.52 

13.33 

11.40 

Louiaa loam. 

0.75 

2.22 

1.47 

13.33 

11.03 

Appomattox County 






Cedi aandy loam. 

0.72 

2.00 

1.28 

13.33 

9.60 

Cecil loam. 

1.75 

2.36 

0.61 

13.33 

4.58 

Iridell day loam. 

1 11 

2.42 

1.31 

13.33 

9.83 

Cedi clay. 

0 91 

2.50 

1.59 

13.33 

11.93 

Prince Edward County 






Worsham aandy loam. 

0.85 

2.36 

1.51 

13.33 

11.33 

Durham aandy loam. 

0.81 

2.11 

mSSM 

13.33 

9.75 

Iridell day lofun.^. 

0.70 

1.75 

1,05 

13.33 

7.88 

Norfolk County 






• Leonarditown loam. 

0.82 

2.22 

1.40 

13.33 

10.50 

Jamea CHy County 






Leonarditown loam... 

0.83 

1.75 

0.92 

13.33 

6.90 

Nor!o& fine aandy loam. 

0.65 

2.36 

1.71 

13.33 

12.83 

Albematle GosaU^ 






Cadi sandy . 

0.77 

2.61 

1,84 

13.33 

13.80 

OOnMai. 

0.73 

2.22 

1.49 

13.33 

11.18 

. 

0.72 

1.83 

1,11 

13.33 

8.33 
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id the compost as wdl as the total amount of nitrogen presell at the and of 
the cxpermmt proved this, ^en the bacteria were counted, compost B, 
without sulfur, showed the prince of from three to four many 

bacteria as compost A. 

When manure and ground rock phosphate were composted the nitrogen 
lost amounted to 48.21 per cent (table 7). The loss of nitrogen as ammonia 
was 0.031 pound, while there was a gain of 0.138 pound of nitrogen as nitrate. 
Where sulfur was used in the compost a gain of 0.047 pound of ammoniacal 
nitrogen was shown. The loss of nitrate nitrogen in composting was 0.046 
poimd. No increase of available phosphoric add was found in either of the 
composts. 

THE SULFOFYING POWEE OF CERTAIN TYPES OP VIRGINIA SOIL 

Table 8 gives the sulfofying power of some of the soil types of Virginia. 
The determinations are made by Mr. T. J. Murray, who followed Brown’s (3) 
method. Sodium sulfate was the salt oxidized. 

• DISCUSSION 

In compost lA, which contained sulfur, soil and rock phosphate, 10.89 
per cent of the total phosphoric add was available after 7 months, 14.98 per 
cent after 12 months, and 18.47 per cent after 2 years 

In compost 2A, which contained manure, sulfur, soil and phosphate rock, a 
larger percentage of the total phosphoric add was made available than in 
compost lA without manure. At the end of 7 months 14.69 per cent was 
avaikble, at the end of one year 18.48 per cent, and after 2 years 19.31 per 
cent. 

Our results agree with those obtained by Brown and Gwinn (2) which show 
that more available phosphoric add is produced where manure is included in 
the compost. 

Shedd’s results (7) with soil, rock phosphate and sulfur, in the same pro¬ 
portions used by us, agree fairly well for t^ first 7 months of the experiment, 
but where he used sulfur, soil, rock phosphate and manure in different 
proportions, there is a lack of agreement. Our results do not show as great 
sulfur oxidation wuH the accompanying high percentage of available phos¬ 
phoric add. 

In composts lA and 2A, over 10 per cent of the phosphoric acid was made 
available in 7 months. Where no sulfuf was used in composts IB and 2B,. 
the available phosphoric add remained practically constant throughout the 
experiment, ihere was a slight increase in the available pho^ahoric add at 
the end of 2 years in compost IB which contained soil and phosphate. 

Manure did not increase the available phosphoric add in compost 2B 
after 2 years, and the analyses showed less available phosphoric add at the 
<md d the expranent than was present at the begin^g. 



mt a sum AKD W. a 3tJm» 

mrmjBMEmAtLV ExmoMWt ho . 1 

Where 5 pounds of rock phosphate was added to 500 pounds of inanuee^ 
57.50 per cent of the dry matter and 48.21 per cent of nitrogen were lost in 
2 years. 

Where 5 pounds of rock phosphate, and 1} pounds of sulfur were added to 
500 pounds of manure, the d^mposition was less. The losses were as 
follom: dry matter 43.79 per cent; nitrogen 46.44 per cent. 

Ip comp^ A, with sulfur, ammoniacal nitrogen was produced whereas we 
do not find an increase of nitrates. 

In compost B, without sulfur, nitric nitrogen was produced. There was a 
decrease in the ammoniacal nitrogen. 

6U10CARY 

1. The addition of sulfur to a compost of soil and rock phosphate increased 
the availability of phosphoric add, but not to the same extent as when 
manure was added to a compost of soil, rock phosphate and sulfur. 

2. In compost IB and 2B, without sulfur, neither compost showed any 
appreciable increase in the availability of the phosphoric add. 

3. Sulfur oxidation preceded the increase of available phosphoric add. 

4. The addition of phosphate to manure slowed up the fermentation and 
there was a loss of only 57.80 per cent of dry matter and 48.21 per cent of 
nitrogen in 2 years. At the same time there is an increase of 0.138 pound of 
nitrate nitrogen and a loss of 0.031 pound of ammoniacal nitrogen. 

5. The addition of sulfur and phosphate to manure checked the fermenta¬ 
tion to a greater extent than the phosphate alone. There was a loss of only 
43.77 per cent of dry matter and 46.44 per cent of nitrogen in 2 years. But 
here ^ increase in ammoniacal nitrogen was balanced by the loss in the 
nitrate nitrogen. 

6. Upon the addition of rock phosphate to manure a large quantity of 
nitric dtrogen was formed. When sulfur also was added there was no 
nitrate formation but the ammonia content was greatly increased. 

7. All of the Virginia soils tested had some sulfo^ng power, but there 
was a very great variation among the different seals. 

8. The majority eff the Virgmia seals oxidised less sulfur than the soils 
tested by Shedd (7) of Kentucky and Brown and Kdlogg (3) of Iowa. 

9. The results of ceanposting soil, sulfur, ground phosphate rock and 
manure, under the conditkmB suggested by the plan as outlined, do not in our 
opiniem warrant the formers ed Virginia conducting experiments along similar 
Ito, because the fonnation of available phoqfiioric add is too dow to meet 
their neecb. Besides, the former cannot be eixpecUd to ke^ the water- 
liddSn|g cajpfki^jr of Ids conmosts up to the desired amount, and he ia not 
Ifidy^ qpade thi composts every 10 or more days ao that the proper mdda- 
thm njluld odeur. Probabty some conditiems ndi^t arise or different pfopor* 
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titmB of soQ, rock phoi|»hate, and sulfur be suggested, or a better starter or 
inoculating material might be u^, which would give higher sulfur oxidation 
and therdi>y produce more available phosphoric add than is possible under 
the conditions as outlined in this experiment. 
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THE INFLUENCE OF INITIAL REACTION ON THE OXIDATION OF 

SULFUR AND THE FORMATION OF AVAILABLE PHOSPHATES* 

J. G. LIPMAN AND J. S. JOFFE 
New Jersey Agricidiurd Experiment Station 

Received for publication September 14, 1920 

Earlier experiments on the production of soluble phosphates through the 
oxidation of sulfur have indicated certain more or less weU defined steps both 
in the oxidation of the sulfur and in the formation of soluble phosphates. It 
would seem that the activities of the sulfur-oxidizing bacteria gain in intensity 
when the reaction of the medium becomes acid beyond a certain point. For 
this reason it has seemed advisable to determine whether by adjusting the 
reaction of the medium the processes of sulfur oxidation might be expedited. 
Accordingly, mixtures were made up of greenhouse soil, ground phosphate 
rock and flowers of sulfur. The proportions used were: 

gram 

SoU. 100 

Tennessee rock phosphate, containing 3tl2 per cent of total phosphoric acid.. 15 
Flowers of sulfur. 5 

The mixtures were kept in tumblers with a moisture content of about 38 
per cent. As shown in table 1, additions were made to the mixtures of differ¬ 
ent amounts of 0.1 iV sulfuric acid. The largest amount of acid added to any 
of the tumblers was 45 cc. and the smallest 12 cc. No acid was added to the 
mixture used as a check. 

When the experiment was begun on March 16, 1920, tiie initial hydrogen- 
ion exponent, the pH of Sdrensen, ranged from 5.4 in mixture 16 to 4.7 in no. 
15. In order to provide suitable inoculation there was added to each mixture 
5 cc. of infusion prepared by shaking 100 gm. of material from an old sulfur- 
pho^hate comport with 500 cc. of distilled water. It may be noted, in this 
connection, that these composts were originally made up in the fall of 1916 
and that by the spring of 1920 the hydrogen-ion exponent a^ expressed in pH 
values was 1.6. Water extract for the determination of the hydrogen-ion con¬ 
centration was prepared according to the method of Gillei^ie (2). The h3rdro- 
gen-ion concentrations of the extract were determined by the cdlorimetric 
meUiod, usixtg the sulfonephthalein series ol indicators as recommended by 
Clark and Lubs (1). 

^ Paper No. 8 of the Tedinical Series, New Jeney Agricultural Experiment Stations, 
DepartMt of Soil Chemistry and Bacteriology. 
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Aside from the hydrogen-ion concentration determinations made frmn time 
to time, tests were made also for sulfates as a check on the amount of sulfuric 
add produced. The soluble phoq^hates were determined by the method of 
the C^dal Agricultural Chemists. During the progress of the experiment the 
tumblers containing the different mixtures were kqpt covered with petri 
dishes. The Weight of each tumbler and contents were marked on the petri 
dishes and the optimum amount of moisture was maintained by restoring the 
water lost by evaporation. Proper allowance was made for the small quantities 
of material withdrawn for the different detenninations. 

The progress of sulfur oxidation can be readily traced from the data given 
in table 2. 

TABLE 1 


TnalmeiU of soil samples studied 


icocrois mnnu 

pH 

OlMHaSOi 


1 

S 0 

12 0 

ee 

29 0 

2 

5 0 ' 

14 4 j 

26 6 

3 

5 1 

16 8 

24 2 

4 

5 1 

19 2 

21 8 

5 

5 0 

21 4 

19 6 

6 

5 0 

24 0 

17 0 

7 

S 0 

26 4 

14 6 

8 

5 0 

28 8 

12 2 

9 

50 

31 2 

9 8 

10 

5 0 

33 6 

7 4 

11 

4 8 

36 0 

5 0 

12 

49 

38 4 

2 6 

13 

4 8 1 

40 8 

0 2 

14 


43 2 

0 0 

15 


45 0 

0 0 

16 


0 0 

41 0 


It is quite evident from the data recorded in the table that the initial reac¬ 
tion did not appreciably affect the rate of sulfur oxidation, nor the rate of the 
formation of soluble phosphates. Within one week after the beginning of the 
e3q)eriment the pH was as low as 3.6 in mixture 13. At the end of the third 
Week the pH was below 3.0 in all of the mixtures. It may be of interest to 
point out in this connection that in mixture 13 there was no calcium phosphate 
added and that, for this reason, there was a greater accumulation of acidity in 
the material than in any of the other mixtures where the catdum of the tri- 
caldc phospHte served in part to neutralise the free sulfuric add. At the 
end of the tweiTO week the pH was below 2.0 in tumblers 6,8 and 12, as wdl 


asintuadlM 13. Beyond that the increase in addity was relatively sli^ 
observed that the formation of available phosphate showed a 
^increase between the end of the second and the end of the third 
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TABLE! 

Sidfitr ascidaUon as indkaitd by the awtUabUUy of phosphate 


[ 

•am Of 

'‘niftwtis 

BHD or 
BBCONDWXBK 

BHoor 

THIBOWSBK 

BMO Of 
toons WBXK 

BMDOf 

rXflHWBXX 

BMDOf 
SIXTS WBXK 

.! 

‘1 

1 


A« 


A* 


(U 

1 


04 

•> 


04 


04 


04 

1 

M 

•a 

1 

■a 

1 

a 

1 

< 

a 

1 

a 

1 

a 

f 

a 

1 



per 


per 


Ptr 




per 


P9r 

m 




cent 


cent 


cent 


cent 


cent 


cent 

■ 

cent 

1 

4.2 

3.7S 

3.0 

4.25 

2.8 

13.26 

2.8 

14.72 

2 6 

15.3 

2.4 

23.2 

m 

31.8 

2 

4.1 

3.9C 

3.0 

4 25 

2.8 

14.84 

2.8 

15.40 

2.6 

17 1 

2.4 

26.2 

2.4 

32.7 

3 

4.1 

4.01 

3.0 

Ufa 

2.8 

15.02 

2.8 

15.50 

2.4 

19.1 

2.4 

28.4 

2.4 

33.7 

4 

4.1 

EES 

3.0 

6 78 

2.8 

11.46 

2.8 

13.30 

2.6 

18.7 

2 4 

27.9 

2.6 

35.2 

5 

4.0 

4.21 

3.0 

6 7fi 

2 8 

12.52 

2.8 

13.30 

2.4 

19.4 

2.3 


2 4 

36.3 

6 

4.0 

4.21 

3 0 

7.80 

2.8 

15.94 

2.8 

15.60 

2.4 


2.4 

26.8 

2.2 

31.4 

7 

4.1 


3.0 

7 80 

2 8 

14 72 

2.8 

15.40 

2.4 

19.5 

2.4 

26.3 

2.4 

32,0 

8 

4.1 

4.60 

3.0 

7.80 

2.8 

17.64 

2.8 

17.30 

2.4 

19.4 

2.4 

27 0 

2.2 

32.6 

9 

4.0 

5.23 

3.0 

7.55 

2.8 

15.40 

2.8 

15.60 

2.4 

19.3 

2.4 

27.2 

2.2 

33.2 

10 

4.0 

4.60 

3.4 

4.74 

2.8 

17.60 

2.8 

19.14 

2.4 

21.3 

2.3 

30.6 

2.2 

36.7 

11 

4.1 

4.01 

3*6 


2.8 

14.64 

2 8 

14.64 

2.6 

15.3 

2.4 

24.2 

2.4 

32.9 

12 

4.1 

4.50 

3.0 

HBi 

2 8 

15.64 

2 8 

16.56 

2.4 

20.4 

2 4 

27.3 

2.1 

34.2 

13 

3.6 


3.4 


2.4 


2.4 


2.4 


2 0 


2.0 


14 

•itii 

5.23 

3.8 

5.20 

EM 

15.02 

3.0 

15.44 

2.8 

21.1 

2.6 

29.0 

2.4 

35 6 

15 

til 


3.2 

4.47 



3 0 

15.02 

2.6 

15.4 

2 6 

26.8 

2.6 

31.6 

16 

4.4 

3.75 


4 38 

m 


2 8 

15 44 

2.6 

19.1 

2.4 

27.2 

2.6 

33.4 


SMDOV 

BND Of 

END or 

BSD or 

IMDOr 

BND or 

BMDOf 

1 

KDflSWEBK 

TBHTH WBBX 

TWBUm 

WBXK 

rOUBTBXlfTH 

WBXK 

BlXtBXHTS 

WBXK 

BIOSTBBMTS 

WBBX 

TWXMTIXTB 

WBBX 



0. 


eu 




04 


0. 


04 


04 

8 


1 






1 


V 


1 


1 

I 

•a 

1 

a 

< 

a 


a 

< 

a 

< 

a 

< 

a 

< 



per 


per 


P^ 


per 






Pf 



cent 


cent 


cent 


cent 


cent 


cent 


cent 

1 

2.4 

35.2 

2.3 

42.4 

2 2 

59.8 

2.2 

59.0 

2.2 

66.9 

2.1 

76.3 

1 9 

83.6 

2 

2.4 

36.1 

2.3 


2.2 

59,6 

2.2 

60 1 

2.2 

68.4 

2.1 

77.2 

2.0 

83 9 

3 

2.4 

36.2 

WWm 

i?>li 

2.2 

60.1 

2 3 

59.4 

2.3 

64.6 

2.2 

73.5 

2.0 

84.9 

4 

2.6 

36.4 

2.2 

45.2| 

2.2 

60.3 

2.3 

EM 

2.3 

65.0 

2.0 

74.9 

2.0 

84.9 

5 

2.4 

35.9 

2 2 

BH 


63.4 

2.1 

62.7 

2.0 


2.0 

75.3 

1.8 

86 3 

6 

2.2 

36.2 

2.0 

IfH 


65.4 

1.9 

67.4 

1.9 

69.7 

1.9 

78.4 

1.9 

84.9 

7 

2.4 

3S.7 

2.3 

42.8 

2 3 

62.3 

ES 

60.4 

2.3 

63.6 

2.1 

76 1 


82.9 

8 

2.2 

36.6 

2.1 

43.9 

1.9 

Wi^\ 

1.8 

68.2 

1.8 

71.2 

f.S 

79.9 

1.8 

86.8 

9 

2.2 

37.0 

2.1 

44.2 

2.0 

66.1 

1.9 

69.1 

1.9 

73.0 


80.1 

1.9 

84.9. 

10 

2.2 

37.7 

2.1 

E33 

2.0 

64.9 

2.0 

60.2 

2.0 

02] 


79.4 

1.9 

85.2 

11 

2.4 

35.3 

2.2 

43.7 

2.2 

59.8 

2.3 

58.7 

2.2 



74.2 

2.0 

84.9 

12 

2.1 

36.8 

2.0 

43.8 

1.9 

60.1 

1.9 

64.6 

1.9 

69.8 

1.8 

79 9 

1.8 

85.3 

13 

2.0 


1.6 


1.4 


1.4 








14 

2.4 

35.2 

2.2 

42.6 

2.0 

64 2 

2.0 

63.7 

¥wm 

67.9 

1.9 

78.4 

1.9 

84.4 

IS 

2.6 

33.8 

2.2 


2.2 

60 1 

2.0 

<0.2 

2.1 

65.8 

EO 

77.3 

2.0 

83.9 

16 

2.4 

34.9 

2.3 

44.2 

2.2 

59.9 

2.3 

61.0 

2.2 

66.6 

2.0 1 

77.6 

2.0 

85.1 
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weeL For instance, in mixtures 8 and 10 the ]»oportion of available jdios- 
phates was weU above 17 per cent. At tbe end of flie fifth week the increases in 
the amounts of available phoqjhoric add over those found at the end bf the 

third week were not large. On the other hand, a very marked increase occurred 
between the end of the fifth and the end of the sixth week. For in 

mixtures S and 10 there were found at that time 30 per cent of the phos- 



Ffo. 1. CuavM Of Hvuboosn-Ion CcttreEwnwiioN *nb Pi* Cant or Avahabi* Ehos- 
PHOSZC Acm AS P IK SaMPUES 1 AND 4 


photic add in an av^ble form. Progressive and marked inrrw iiu^ occurred 
at the end of foe dghth, ninth and tenth wedcs. A very marked increase 
occurred afain between foe end of the tenth and that of foe twelfth week. 
This continued until the end of foe twentieth week when foe proportion of 
available pfaiMphoiic add waa above 82 per cent in all cases and in at least two 
instances well above 86 per cent 



OXIDATION OF SUI^PUR AND FORMATION OF PHOSPHATES 
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In attempting to interpret the data just given one should bear in mind that 
the pH determinations record thp intensity of the acid rather than the quantity 
of it. As time went on the quantity of sulfuric acid or of acid sulfates accum¬ 
ulating in the mixtures gradually increased. There was, therefore, a gradu- 



Fxg. 2. Curves of Hydrogen-Ion Concentration and Per Cent of Availabifj Phos¬ 
phor r Acid as P tn Samples 12 and 16 


ally increasing quantity of acid material available for reacting with the tri- 
caldc phosphate. Figures 1 and 2 show in a graphic way the progressive, 
changes in mixtures 1,4,12 and 16. It is expected that other data now avail¬ 
able, and confirming the results recorded in this paper, will be made ready for 
puWcation in the near future. 
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CONCtUSlONS 

lUi set of eiq)erimeiit8 shows no advantage in starting with a rdadvely hl^ 
hydiogen-icm concentration throng^ additions of sulfuric add. On the other 
hand, there is evidence that such advantage may be had in mixtures of a 
diffd^t compositkm. The data in question will be reported at a later date. 
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INTRODUCnON 

On account of the complex nature of plant juices the determination of the 
nitrate nitrogen therein is beset with many possibilities of error. In most of 
the work done upon the nitrate content of plants the Schloesing method and 
its modifications have been used. Some investigators have criticized this 
method and have recommend^ other methods for the purpose. Since the 
determination of nitrates in plants proved of great importance in the solution 
of a problem under investigation, it seemed necessary to make a careful study of 
certain methods for nitrates in order to determine their applicability to plant 
tissue. 

Without attempting a complete discussion of the literature, the methods 
employed for nitrates in plant tissue, or in analogous substances will be briefly 
considered. 

In studies of the nitrate content of plant tissue Schulze (11), Nedokvochayev 
(8), Woo (13) and| others used various modifications of Schloesing’s (12, p 
456) method. This method is based upon the measurement of nitric oidde 
gas which is liberated when nitric add is heated with ferrous chloride and 
hydrochlmic add. Krog and Sebelien (7) claim that the Schloesing method 
gives low results in the presence of carbohydrates and other organic substances. 
They obtained much more satisfactory results with the nitron” method. In 
this work Kiog atff Sebelien used both water and alcohol (2 to 1) in making 
extracts of green plants. The '"nitron” method devised by Busch (3) is 
based upon the fonnatien of an insoluble compound by the interaction of 
nitron (diphenyl-endo-anilo-hydro-triazole) and nitric add. 

Caron (4) obtained good results in the determination of nitrates in urine 
by the colmimetric method. He determined the intensity of color produced 
when a nitrate solution is treated with c%henylamitie and sulfuric add. 

> Burt I dt theds submitted to the faculty d the Qxeduete School of the Uaiveidty of 
V^lMonda in partial fulfiUment of the requheomiita for the degree of Doctor of Fhfloiophy, 

BubUihed with the permlaibii of the Director of die Agricultuial Experiment Stathm. 

Thh opportunity la taken to eipreia to Frofaiiota Fred and Bart, due appreciatkm for 
thab sontitbaa and critidaiiia. 
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AlMhei^ method for the detenniiiation of nitrates, known as Devaida^s 
method, is based upon the reduction of nitric acid to ammonia by means of 
Devarda’s alloy (50 parts copper, 45 parts aluminum and 5 parts unc) in alka¬ 
line solution (12, p. 454). method somewhat modified in detail is recom¬ 
mended by Allen (1), and others for nitrate nitrogen in soils and by Davisson 
(5) for nitrates in *^8oil and ph 3 rsiological extracts.*’ 

In the Ulsch-Street method (2) nitric acid is reduced with iron and dilute 
sulfuric acid and the ammonia obtained thereby distilled from magnesia. 

Zeller (14) proposed a method for determining nitrates and nitrites in the 
presence of much organic matter. For nitrates the Ulsch-Street method was 
used, while nitrites were determined by measuring the amount of ammonia 
decomposed by nitrous add according to the following reaction: 

NH, + HNOi - Ni + 2IM) 

In the determination of the latter he used a known quantity of anunonium 
chloride and evaporated the unknown solution to a small volume. The solu¬ 
tion was then diluted and distilled from magnesia into standard acid. The 
nitrite was calculated by loss of ammonia. He obtained good results with 
peptones, soil and plant decoctions. 

EXPEAXMENTAL 
J. NUraies 

The colorimetric method of Caron proved unsatisfactory, as the blue color 
obtained by treating plant extracts with diphenylamine faded so rapidly that 
accurate results were impossible. The determination of nitrates in plants by 
finding the difference between the nitrogen obtained by the Kjeldahl method 
modified to include nitrate and the Kjeldahl-Gunning-Amold method also was 
unsatisfactory, since appreciable amounts of nitrate were apparently reduced 
without sine and salicylic add. 

The nitron” method was next tried. The results are shown in table 1. 
Many substances give somewhat insoluble compounds with nitron and there¬ 
fore the method must be used with caution. Among the substances likely to 
be present in plants that will give high results are nitrites and oxalatesV While 
the rather meager data given above show fair results, the unexpectwy high 
nitrate content made it advisable to test the accuracy of the method further. 
On account of the variety of substances which may 1^ present in plants that 
may affect the accuracy of this method, it was decided to compare it with 
another method based pn a different prindple rather than to attempt to elim¬ 
inate troublesome compounds which may be present 

CoxBequently, the Bevaxda method was studied. AOen (1) claimed that 
this method^gas accurate for soila when 0.1 N sodium hydroxi^ was used in 
reduction* ioirtuud of the more concentrated alkali originally xecommended. 
He b(n||4 the edtFtion for i hour before addition of alk^ 
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the ammonia. Davkson showed that boiling | hour did not 

get rid of all the ammonia and he suggested previous precipitation with 
StuUer’s reagent to get rid of ^^protein like substances.” Howeveri this would 
not free the solution from certmh amino acids (arginine and cystin), or bases 
(e,g. guanidine) which may be present in both soils and plants, and which 
would cause an error in determination by this method. A simpler and better 
method mi|^t be to run a control without aUoy on each extract. The possible 
difficulties here might be: 

1. That the compounds in plants yielding ammonia on boiling with sodium 
hydroxide may be very sensitive to a change in concentration of alkali which 
would be caused by the reaction of the alkali with the alloy. 

2* That the alloy might act catal 3 rtically to break down some compounds 
which would yield ammonia. 

The possibility of error from these sources was accordingly studied and the 
following experiments undertaken. Two proteins, lactalbumin and arachin, 


TABLE 1 

Nitron method for nitrates 


SUB8TANCB 

KooirncD 

XJBKOAXL 

MXIBOD 

MnaoM Mxnioo 

Nitrate nitrogen 

Nitrate nitrogen 


msm> 


Pore NaNOi solution. 

3.68 


Pure NaNQi solution -f nitrate-free plant extract. 

3 68 


Plant extract containing nitrate + 7,35 mgm. N from NaNCV 


9.46 

Nitrate nitrogen in plant extract by difference... 


1.9Q 

Nitrate nitrogen extract by direct determination. 


1.75 


both rich in arginine, were hydrolyzed by boiling for 48 hours in 20 per cent 
hydrochloric acid under a reflux condenser. They were allowed to cool, 
partially neutralized with sodium hydroxide and then made alkaline with 
sodium carbonate. The humin was then filtered off. The alkaline solutions 
were next aerated 84mirs to get rid of ammonia. Amino adds thus obtained 
in amounts corresponding te 0.2 gm. of protein were treated as shown in table 2. 

Taken as a whole thejse. results show that no api^redable error is caused by 
the difference in cohcentration of alkali caused by action of alloy, nor does 
the presence or absence of alloy affect the amount of ammonia evolved. The 
amount of amino adds used equals the amount in extract from several grams 
of flowering soybean plants grown in sand containing nitiate. 

Aa ea{>eriment was next undertaken to determine the effect of amine adds, 
isparagin, and variation in the concentration of alkali oa the detennination of 
nitrates hy DeVarda’s method (table 3). 

It is again seen that a change in concentration of alkali due to the allo/s 
action does not affect the accuracy of thodeUxminataon, and that the pmence 














tots a 

tfdfjfmmt menMiM €f alkaU md m ITA dttimi iy Mmt acU$ 

wUk h miOmdfifr dkdm 


toMAtman 

N/atHdlB 

N 

Amino adds* -f 250 oc. Ht04* 

<0. 

sum. 

2.5gai.N.(m 

2 80 

2.80 

1.40 

1.40 

2J N«CS + 0 J gm. tUoy 

3.20 

290 

1.60 

1.45 

3.5N«DH + 0Jgm.iUlqr 

2 90 

2 90 

1.45 

1.45 

g 1 5 gm. NaOH + 0.S gm. aOoy 

3 00 

3 10 

1.50 
r 1 55 

9. 5 gm. NaOH + 0.5 gm. alloy 

3 50 

1.75 

10. 5 gm. NaOH + 1.0 gm. alloy 

2 80 

1 40 

11 5.5 gm NaOH + 0 5 gm. alloy 

305 

1 52 

12. 5.5 gm NaOH + 1.0 gm. alloy 

3 00 

1 50 


* Sdutkin obtained by hydrolyzing and aerating 0.2 gm. of lactalbumin. 


TABLE a 

B^9ti of mine acidSf a$paraim and varioHons in the amount of atkali on the determination of 
nlt^ in Deoarda's method applied to plant extracts 
Solution containing amino adds* 0.02 gm. a^pazagin (2 mgm. amide N), and 4.45 mgm. 
nitrate N irom KaNOi treated as below. 


TUATUSirT 

N/2S NaOH 

N 

MiziAnN 

AUIDB N 

2 j 2 J gm. NaOH 

€€ 

6 80 

6 75 

mem 

3 401 
3.38 

mgm 


^'1 2.5 gm. NaOH + 1 gm. alloy 

15 60 

15 10 

7.80 

7 55 

4 41 

4 16 

n 

3.25 gni.Na(» + lgm. alloy 

15 40 
15.50 

7.70 

7.70 

4 31 
436 

■ 

7. 3J5 gm. NaCW + 1 gm. alloyt 

15 30 

7.65 

4 26 

■ 

t. tacNaNOk 



4.45 

Hi 


* 4lg|iiiip ack|s obtained by hyd^ gifi- mbmumut 

t2j5 ^n. fibOH added before leductko. 0.73 gm. KaOH added after leductloa tmt 

BHBMNp QHCUHRiBBe 

tutlik •> MS. 
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AHOmxiAm mruam 


m 


o( malm icUi tad luipiitgiii does not tiect tlie diSmnot ia tiaawak 
dbtiMframtittooatiobaiu^ ^ 

Som hm wti observed on boiling prior to reductioa. Why this was true 
was aot dear eacq>t that it was more difficult to ke^ all the Bqukb boiling 
at the same rate in the c^n than in a distillation. The error princi¬ 
pally from the incomplete volatilization erf ^'nitrogen from sodium hydroxide’^ 
present in the controls (no. 5 and 6). The figures show that nearly half the 
''nitrogen from sodium hydroxide'' was recovered in the distillation (table 4). 
A later eiq>eriment showed that better results were obtained from boiling for 

TABLE 4 

tf pmkm eonemUroHon of seluHom and boUini wUh NaOB Is ik$ open on Iko dotami^ 
naiion nUrak in DoooMt method 

4.9 iQgiiL nitnte N + 2.5 gtn. NaOH + 0.02 gm. a^Miagb (2 mgm. amida N) -I- amino 
adds from atachin + 250 cc. H«0 treated as shown below. 


TUAmBHT 

N/aeNtOH 

irmufE K 


et. 

INfM. 

2*1 Control for 3 aad 4 j 

7.8 

7.7 


IgnLsiky 

17.3 

17.1 

4.85 

4.70 

Control for 7 tad 8 

1.7 

1.4 


7.1 Some u 3 rad 4 except bofled In open } hoar before 

9.7 

4.05 

8./ reduction 

9.5 

3.95 

9.1 Same m 3 rad 4 except firit evaporated from 20 to ^ cc 


2.80 

10./ on adieatoa dieet on hot plate before reduction 


2.70 

Sameia3and4eiceptnonitimte 

7.8 

7.6 





1 hour. However, the previous boiling idien contrds nre run is unneoesaaty 
and tends to decrease ntlwr than increase the accuracy of the method. Evap* 
oration to a low vdume on a hot plate causes a loss in nitrate. A later experi¬ 
ment shows that the solution can be evaporated on the water bath wibout loss 
of nitrate. Ihe presence of the alloy in a'Wm-nitrate sdution ^ves the same 
nralt as the seme solution containing nitrate but not redneed by the alloy. 

Ihe effect of the aUdqrde group of i^woee (wfakh is usually peesent in 
{daata) en tint rednethm (d nitrates during this determiaatian also was stikBed. 
The results are g}v«n in talde 5. 

It is seep that the presence d the sugar does not affect the accuracy ef tha 
met hod. IheloMaaboSingwithNaOBlQrllioiirissoriii^tthatnocon- 











CbiiAiiiB can be diaim excqyt that apparently previa 
tbe accuracy of the method. He evaporation of the neutral eolutioa to 
wwftll vokime on the water bath did not ai^Murently affect the nitrate-nitrogen 
ffittlts. This last esqpeziment was made because evaporation is necessary in 
the determination of nitrite. 


TABLES 

Effict of glueoso (w tite detommoHon of nitnUe in Dooarda^s method 
Sohiikm containing 4.9 mgm. nitrate K and 0.1 gm. arachin (hydrolyzed and aerated) + 
0.01 gm. aig>anigin + 0 gm. glucose in 250 cc. treated as s^wn below. 


TtXATKSlfT 

N/ 28 NaOH 

jnTOATXN 

2 j 2 J gm. N.OH + 1 gm. alloy 

ec. 

13.25 

13.15 

MfM. 

4.70 

4.68 

Control for 1 and 2 

3.80 

3.80 


5.1 Same as 1 and 2 except boiled in open 1 hour before 
6./ reduction 

9 40 

9 00 

4.28 

4 48 

^*1 Control for 5 and 6 

0.50 

0 40 


9.1 Same as 1 and 2 except before reduction and addition of 
10./ alkali evaporated from 25 to 3 cc. on HiO bath 

11 40 

11 00 

4.85 

4 65 

Jj*! Control for 9 and 10 

1 65 

1 70 



TABLES 

Comparison of nitron and Deoarda {rediietion) methods for nitrates in pkmts 


VLAMT ZXrtACT irUMBIE 

1 

Devorda 

Nitron 

Dlffaence 


Ptre4n$ 

pwetnt 

pwctmt 

2 

0.330 

0.418 

0 088 

5 

0 375 

0.440 

0 065 

7 

0.389 

0.436 

0.047 

8 

0.200 

0.244 

0.044 


It is seen from the above that nitrate nitrogen in plants can be quite accu- 
mlefydeleiminedby theuaeof Devarda’sal^ Hkinethodisnot applica¬ 
ble in the peeeence of nitrites. The procedure is similar to that outhned in 
the third pygraph of page 341. WxOi nitrates only are being determined 
k b piefenSle to remove the soluble protein by coegulatlon by heat pdor 
the dfftffnyhiittifn This dimioatei frothmg the of 

paraffin. 
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A ONttparisoii of the nitrate content of plants as shown by the nitron method 
and the Devarda method is found in table 6. The former method gives con- 
sbtently higher results. Apparently there are present in plants compounds 
which cause an appreciable error by this method. 

As already mentioned the Schloe^ng method, variously modified, for nitrates 
has been used by most workers in their studies on the nitrate content of plants. 
This method is more complicated and requires more manipulation than the 
Devarda method. However, on account of its wide use for the determina¬ 
tion of nitrates in plant tissue comparative studies were made of the methods 
mentioned. The Devarda method modified as already described, was used 
in comparison with the modified Schloesing method as described by Treadwell 
and Hall (12, p. 456) with the further modifications suggested by Koninck (6) 
and Koch (13). 


TABLE 7 

ComparisM of SMoesing's and Devarda^s methods for nitrate in plant tissue 


‘ 

DXVAtOA'S 

SCBLOlillfO'l 

Pure NaNOi (zugai«K).| 

m 

13.81 

2.71 

Nodule ei:U:act. 

None 

None 

f 

0.260 

0.245 

Plant extract (Nitric N, per cent o! dry matter).{ 

0.200 


1 

0.288 


Plant juice (mgm. in 100 cc.).| 

30 0 

90 0 

23.7 

88.1 


The first modification was a mechanical one whereby a mercury seal was 
substituted for a pinchcock for the tube leading to the gas burette. The 
Koch modification consisted in measuring the evolved gas absorbed by alkar 
line potassium permanganate instead of the total gas evolved. 

Comparative dcAeminations by this method and by the Devarda method 
are shown in table 7. every case but one the results agree almost as dosety 
as diq>Iicate determinations by the same method. In the Schloesing method a 
small amount of gSs was invariably found after absorption. 

//. NUriies and nitraks in He presence of one another 

No attentian was given in the above studies to the questiop of nitrite*. 
Devarda’s method would include both sdtiites and nitrates, while with the 
idtron method according to TteadweU and HaU (12, p. 451) nitrites cause hi^ 
blit not quantitatively high results. 









|li||*r^ Method to tPTT* fy!ff* rt w Mtf V Ap 

hp chimed tUb iMthod to lie 
die dbm iiet describe the cl tbem 

hriksde very accuiete iesult% Vbm smsU emoM&ts <d nitrite eie praettt m 
Jugs pmentngt of error wiU peobeUy be found in phnt tissue, eqpednlly for 
since amino acids are always present whch are much more leacrive 
with nitrous add than with amm^^ Alfdmamiimnittogen reacts qpmt^ 
tivsfywUh nitrous add on shaking in add sduthm fmr five minutes at room 
temperature, whereby from 1 to 1| houin are required for the complete 
with ammonia under the same conditions (10). In 17-day-dld soybean plants 
0^65 per cent a amino nitrogen was found. It is possible that a considerable 
of nitrite could be present in such cases with no loss whatever of 
ammonia by Zeller’s method. 

*niis error, however, could probably be avmded by thefoUowingprocedure. 
Treat the unknown solution with ammonium chloride solution, make up to a 
definite vdume and divide into two exactly equal portions or take similar ali- 
qyoCs. Determine the total nitrogen in one part immediately, and in the 
other after evaporating to a low vdume on the water bath. Half the differ* 
snoe in nitrogen « nitrous nitrogen. 

A gitnpW and shorter method which might be used for determining both 
nitrite and nitrate is as follows. With one aliquot of the unknown solution 
determine nitrate plus nitrite by Devarda’s meth^ as already outlined. Treat 
another aliquot with an excess of some amino compound which reacts readily 
with nitrous add and which does not lose ammonia on boiling with sodium 
hydroxide. Heat on the water bath for a definite time The nitrous add 
reacts with the amino add forming elemental nitrogen. Dilute to 250 cc. and 
detennine nitrate by Devarda’s method. The difference between the first and 
the second determination gives the nitrite nitrogen. 

This method was tried and was found to give good results in the presence 
nitrate and a cold-water extract of 14-day-old etiolated soybean seedlings. 
Hu mnio ft fitting the above description which happened to be 

ayaaride was aspartic add and this ycordinglY was U8e4. 

sodium nitrite7i^c up to equal approximately 6 mgm. of nitrite 
nitrogen, was used. This was found by reduction with Devarda’s alloy to 
contain 5.57 mgm. of redudble nitrogen ot which 5 2 mgm. was lost on heating 
on tile water bath for 1 hour in initial sdution of 20 cc. (eviqiorated to 5 cc.) 
wUh 0.1S gm. aspartic add. No more nitrogen was lost on heating with 0.3 
gm. Mparticadd toalower vdiume. The plant extract was prepared by shak¬ 
ing vigoiroiisly by hand 8 gm. of finely ground seedlings with 100 cc. of cold 
water Air S minutes, allowing to stand for about 20 minutes and again shaking 
iorSmlwitea This extract was then squeeaed through a doth. No attempt 
waa Ppale to remove soluble protdn by heat or add. The results axe given in 
tiMe #. tt II seen from the table tltet fidrly accurate results are obtained^ 



nKnaBHAzioH or xt/mm and umAns w ru»n Hi 

• 

te evapwMte of S J npa. of nitiite idtrogn with as gm. of dWM CKt^ 
iiilliMt the aMtfam of n 9 )aitk add. lids dum the fdlacy of atteniitiBg 
to oae the pcoceduze propoiwd by Zeller for nitrite in plant desue. 

One per cent aqneoui sodium aliasrin sulfonate was used as an indicator In 
aB this work and was found to be very satistocfaay in titrating Mwowntu 
of ammonia. Mth the amounts eiiq>lo 3 red a distinct diange in odor was 
noted at the end pant with one dn^ of 0.0357 N alkali. 

The (|ucsti<m d possible losses of nitrites during extracthm of the tissue, and 
the mmoM by which such losses (if they edst) may be minimized or oHmtnasarf 
is still open for investigation. 

TABLE s 

if Mm mtllud for nUrUt and niinu 


5.3 mgm. Nitrite N + 3.8 mgm. Nltnite N + 0.5 em. teedllnes extracted + 0.15 sm. 
sipwtic add treated at indicated. * 


niAmurT 

TOTAL 1^28 

RaOH 



imi^ 


cc. 

mm. 

fMffH. 

MfM. 

1.) Halted on water for 1 hour, reduced and die* 

21.4 

3.5 

3.5 


2.J tOled 

21.7 

3.8 

3.8 


^*1 Control, no alloy 

18.1 

17.7 




^'1 Reduced and dutHled, no previoui heat 

30.9 

81.0 

13.5 

13.6 

4 

4.85 

4.90 

7. Control for 5 and 6 

17.4 




8.1 Same aa 1 and 2 eacept no aqwrtk add 

26.7 

mi 


2.75 

9.) added 

26.9 



2.8$ 

HNOk by reduction. 



3.8 


reductkiik.,.. 



5.17 






Procedwn, Dilute two equal portions of a cold-water extract of jBant tissue 
to 250 cc. in a Kjelllriil flask. Add a small piebe of paiaflSn and 2.5 gm. of 
sodium hydroxide in concentrated solution. To one solution add 1 gm. of 
Devarda’s alloy and use tbs other as a control. Attach to a distilling appara¬ 
tus at once. Heat (mder a low flame for 1 hour at until action has ceas^ and 
thm distill over exactly 150 cc. Care should be token that the detennination 
and the oontnd be distilled at the same rate. Titrate, using OJ03S1 N aftalL 
The diffoenoe gives the nitrate ]dus nitrite nkrogen. The flask is attached 
to a distinhig head containing two way bent tubes. 

TVeat a rimilar portion of cold water e^truft in a volume of about 25 oc. 
with about 0.15 gm. of aqwrtic acid or more dtpending tqwn the amount of 
nitrite ptessnt The mixture is heated on the water bath to an hour. It is 
then divided into two equal porttois, reduced and distilled according to the 
















m 


Vm$ae6$,mxitbodu Tlie hotn^reeii the 

iSitiilatiotti xepreseats the mtiite aitrogeii. 

^ fiUlOIAEY 

1. The Caron cobrimetric zbethod for nitrates m urine Is not appUcaUe to 
the determination of nitrates in {dant tissue. 

2. The determination of nitrates in plants by finding the difference between 
the Kjeldahl«Gunning«Amold method and the Kjeldahi method modified to 
include nitrates is unsatisfactory. 

3. The *^nitron” method gave slightly high results with the tissue studied. 
In view of the substances occurring in plants which may cause error in this 
method it is not dependable for the determination of nitrates in plant tissue. 

4. Both the Devaxda and Schloeaing methods with proper modifications 
may be applied in the determination of nitrates in i^ts with fair accuracy. 

5. The method proposed by Zeller for the determination of nitrites and 
nitrates in the presence of one another is not applicable to plant tissue. 

6. A procedure is suggested which gives satisfactory results for the deler- 
minaticm of nitrites and nitrates in plant extract. 
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INTRODUCnON 

When inoculated soybeans are grown in pure quartz sand, to which has 
b6en added an abundance of the essential plant>food elements except mtro- 
gen, the bacteria will assimilate sufficient nitrogen to meet the normal de» 
mands of the plant. On the other hand, the soybeans will thrive equally as 
well without bacteria, provided sufficient combined nitrogen is supplied in 
available form; for example, nitrates. For the farmer it is important to know 
what proportion of the nitrogen of the legumes is obtained from soil and what 
portion is obtained from the air by means of the bacteria. The relation that 
exists imder ordinary field conditions has been the subject of considerable 
study and discussion for some time, and any contribution to|pur knowledge of 
the factors governing nitrogen fixation will aid in its ultimate solution. 

Many investigators have shown that certain salts inhibit, and in sufficient 
quantities entirely prevent, nodule formation on legume plants. Why this 
is true is not known and although several explanations have been offered none 
of these is based \xporL satisfactory experimental data. The purpose of this 
paper is to attempt to offer an explanation of the deleterious effects of large 
amounts of nitrates on nodule formation. While an exhaustive review of the 
literature is unnecessary some of the important papers will be discussed. 

\y Effect of nitrates on legtme bacteria 

Hiltner (6) found that nitrates inhibited nodule formation and that the 
inhibiting effect of a given concentration of nitrates was much greater in 
solution thtm in immI. ]^rucha (15) reported that nitrates inhibited nodule 
formation in the Canada field pea. Wilson (19) studied Urn effect of various 
salts on nodule formation. He showed^ that nitrates anif sulfates retarded 
nodule formation, while chlorides and pho^hates did not. He also found* 

> Hurt n of theris ndoiitted to the faculty of the Graduate School of the UtArerrity of 
Wlpconiin k partial fulfilfaiient of the requiiemeata for the degree of Doctor of Ifdloaeplty. 
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Ilit tl* toliUtfcm WM iMil 

fa foStopfmnt iiodulefoinxiiM^ 
pi» ig a tt»rte Kted nid <ki»d (3) 

and iihsiiitrkcid9y InhAiitad die develofuiittit of nodidet on vcteh^ 

idfalfaaiidsayfaeenB. Maaf (10) bdSmd tint the letari^ 
wis due to two causes; firsts that the bacteria found suffident nutrition out¬ 
side the plant and did not enter it; and^ seocmd^ that nitrates reacted with 
the sugar in plants and thus prevented the bacte^ from obtaining suffident 
sugar for th^ devdopment It has also becsi suggested that the immunity 
of the plant is strengthened by the presoace of nitrogen in the form of nitrates 
so that the bacteiia do not enter it However^ the data presented in support 
of any of these thecuies are far from convincing. Furthermore, none of them 
eiplain why certmn non-nitrogenous salts, e.g. sulfates, also {uevent nodule 
formatioiL It is known, that the nodules diminish insixe and numberwith 
the amount of nitrate until, with suffident nitrate present, no nodules are 
found. If the first theory of Maxf is correct there should be no diminution in 
siae; instead there should be dther well developed nodules or nont at aU. It 
is noted that nodules devekp cm idants before the reserve food of the seed is 
exhausted. This is out of hannony with the last-named theory. The sec« 
ood theory of Masf will be consider^ at a later time. / 

Laurent (9) stated that sodium or potassium nitrate in pea or lupine decoc¬ 
tions in a ratio ^ 1 to 500 or 1 to 1000 prevented growth of legume bacteria. 
Hie stated that w nitrate alone, or the decoction alone, has no such effect 
He, therefore, believed that the nitrate reacts with some compound in the 
plant and forms therd)y a substance toxic to bacteria. 

Wilson (19) has shown that when soybean bacteria are placed in a soil 
containing sufficient nitrate to prevent plants growing therein from fmining 
nodules, the vitality of these oiganisms, as diown by thdr infecting power, was 
apparently not weakened. HiUs (5) cemfirmed vrasem’s results by using 
al^abakeria and mannite agar slopes instead of soiL He employed a xdtrate 
concentiithm up to 100 mgm. of nitrate nitrogen per 100 gm. of media. Whfie 
these data show that the oiganism is not destroyed by rdati vdy large amounts 
of nitrate, thty do not prove that growth and rqsroductkm axe not hindered 
to a marked degree. In fact, Hffis (5) diowed in his studks on the effiset of 
nitrates jspotk growth and rqirodnctkm of BMaMmm in soil, 

that while small amounts of nitrate greatly stimulated leproductkm, lumber 
produced a toxic effect, repxoductidA was iffiwfcitii itA f d to 
leli 1 per cent of the in untreated soSL 
r Ali^<hi»tmuitbecoarid«wdfacBiiatctioi>'<>ith widiitiidiwiitlMitthe 
\lNiCt«i» of t]|« nodulM five ud obUk tiifdr BBtrimoit fnn <lw 

iitidf, and not from the sofli or to As regards mineral nutiieQli 

)abi0K|Kd fiaan the soil the in p lfitt sap In upf 

fiw bom eqtpia jMkCoel ud Mifar (it) ■fiwin d by nnnotic jemiiw dobov 
mtodions dMlt toughly of sap meteivMd 
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wmMMMitSm ^ tine soil sdution, but tbe increade was not praportkiiiaL 
i h ag iaiKt <>) facantly showed by conductivity measurements, that whfle 
tteconc^iitratioiicf the sap varied considmUy with that of the soil, the cmi* 
centrathm ci the fonner was 5 to 50 times greater than that oi the latter. 
The data recorded herein (most of which were obtained before Hoagiand’s 
paper was published) are in harmony with these results. 

Since Fted and Davenport (4) have shown that the different strains of 
JMsMm kgmimasainm are sensitive to the reaction, the possibility is sug¬ 
gested that the toxic action of nitrates may be due to their causing a change 
in the hydrogen-ion concentration of the sap. While apparently no studies 
have be^ made upon the effect of nitrates on reaction, the work of Hoag- 
land (7), Truog and Meacham (18), and Clevenger (1), show that the reaction 
of the plant sap is only slightly affected by the composition or reaction of the 
scd sohition, since ths reaction of the former is governed apparently by a 
definite buffer system. 

NiircUes in plants ' 

Schulze (16) found no nitrate nitrogen in plants grown in soil entirely free of 
nitrates, but nitrates were present m considerable amounts when an external 
supply was provided Ncdokyochayev (12) found that the nitrate content 
of plants increased with the nitrate content of soil although not proportion¬ 
ally. Woo (20) found large amounts of nitrate in Amaranthus retroflexus 
(pigweed). The amount vaned at different stages of growth and in different 
parts of the plant. 

EXPERIMENTAL 

Fzom the above discussion it is seen that while the composition of the sdOi 
solution may modify to some extent, it does not govern entirely, the composi¬ 
tion of the plant sap. Therefore, with the object in view of trying to explain 
why nitrates inhibit nodule formation, comparative studies of the sap from 
plants treated differently were undertaken. DeterminatiiEis were made of the 
differeht forms of nitrogen (nitrate, amino, amide and basic), ctf sugar, and 
of the hydrogen-ion toncentration. 

Since the data obtained for the various non-nitrate forms of nitrogen threw 
no li|^ on proUeptf Ibey are not considered in this paper. 

la order to stutfy the effect of nitrates on nodule formation, Ito San wy- 
'were p(ma in 2-gallon jars containing 11 kilos of air-dry sand. The 
sand was hdd at 14 per cent moisture thooughout the txpmxomt One week 
alter planting, haU d the jars were inoodated with a pure culture of IMto- 
Uma kgimrincsamaf while the other half were treated with 1 gm. olcaldum 
per jar each week. Every week the Idlowing nutrient sohittoii wna 
I0cc.af Iperoentdiiodittillidio^ 10ce. of 1 pisrcent 
10 cc.d 2 per odttimtaaaim sulfate and Ic^ 
cant fiiric dUoridi* After 14 dayatteiaoeidated plants contidne d an abu^ 





m 

^ nodotoi wliOe tbe tminocnlfttod {dfliits itiiiiaitiiBd entirely free fmn 
The {dants wm harvested wh«^ 24, 3S and 44 days old. The 
pbiita were in full Uoom at the eeoond harvest and at the third harvest 3 rottiig 
pods were just beginning to appear. The third harvest was made eariier tiian 
was expected on account of the threatened ravages of parasites. All plants 
We in good condition at the time of harvest. Tht data of the umnoculated 
plants are given in table 1. 

Methods 

The modified Devarda and modified Schloesing methods for nitrates were 
used. These methods are discussed in detail in part I of this paper. 

Inoculated plants gave faint qualitative tests for nitrates but the amount 
was not measurable with the tissue available. The plants grown in sand 
receiving nitrates contained a large percentage of nitrate nitrogen—the fresh 
green plants contained from 7 to 40 times the percentage of nitrate nitrogen 
that h^ been added to the soil (table 1). 


TABLE 1 

Nikaii nUrogen in different parti cf soybean plants, uninaculated 
Giaeahouie sand cultural 


ViKT or nAXT 

AOSOtfLAMT 

NITSATS N AOnSD 

to too OH or Km. 

NXtAATX X IN AiA> 
DAY HANTS 

NnntAiK N IN too 

OU OrrSKBHdAXIM 
PLANTS 


days 


percvni 

msm 


24 


0 875 

175 


24 


0 815 

163 

Tups. 

38 


0 359 

72 

38 

9 0 

0 458 

92 


44 

10 5 

0 440 

88 


44 

10 5 

0 375 

75 

Roots . 1 

44 

10 5 

0 428 

86 


44 

10 5 

0 472 

95 


Occurrence of nitrates in plants grown in the fidd 


Mammoth yellow soybeans inoculated with a pure culture of bacteria were 
grown on a farm near Madison. The soil was quite fertile and had received 
Wpml treatments of farm manure for years, as weE as occasional iq>plications 
of limestone and floats. Perhaps on account of the richness ci the soil the 
noduks were not very large compared with those grown in sand, although they 
were found in considerable numbers in all plants except in local areas through¬ 
out ittfb fidd. On these areas, usually a few feet in diameter, the plants were 
i of nodules, but equally idgorous and somewhat richer in nitrogen, 
ijnay have represented former manure piles, although no definite 
i oodd be obtaJhed on this point. Uninoculated and inoculated 
r collected at the ftmering stage and the teaves, staflcs and roots 
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Wfgt enifyied (tabk 2). The leaves and stalks show very decided differeziceB 
in nitrate content difference in the nitrate content of the roots was not 
so marked, but in both cases the concentration was relatively high. The 
data for and stalks show that at the earlier stages of growth the variation 
was possiUy much greater. As further evidence that such was the case, the 
work of Stewart (17) shows that the nitrate content of soil is richer in the early 
part ci the growing season than later, and McCool and Millar (11) show that 
roots are more sensitive to change in composition of nutrient solution than 
are the tops. The very low nitrate content of the nodules compared with the 
roots is interesting. The use of nitrate by the bacteria probably accounts for 
this decrease. 


TABLE 2 

NUrates in inoculated soybean flanks with and without nodules^ grown in the same field 
Samples taken from a field near Madison 


PAftT or PLANT 

STAGE OF OKOWTB 

OCCURRENCE OF 
NODUIFS 

NITRATE N IN AIR- 
kDRY PLANTS 

NITRATE N IN 100 
OM at PREtB 
ORBSN PLANTS 


^ Flowering 

Present 

percent 

0 063 

mtm 

12 6 

Leaves. 

Flowering 

Present 

0 075 


Flowering 

Absent 

0 125 

25 0 


Flowering 

Absent 

0 123 

24 0 


Flowering 

Present 

0 075 

15 0 

Stalks . 

Flowering 

Present 

0 056 

11 2 

Flowering 

Absent 

0 175 

35 0 


Flowering 

Absent 

0 175 

35 0 

r 

Flowering 

Present 

0 088 

17.6 

Roots.1 

Flowering 

Present 

0 085 

17 0 

Flowering 

Absent 

0 100 

20 0 

i 

Flowering 

Absent 

0 095 

19 0 

Nodules. 

Flowering 


0 005 

1 0 


Occurrence of nUrai^ and sugar in fiarUs in varying conceniroHons of 

nUrates 

In order to determine the concentiudon of nitrate in soil and plant juice at 
which nodules failed to grow, plants were grown in sand containing different 
concentrations of nitrate. Two-gallon jar^ containing 11 kilc« of air-dried sand 
and 10gm«of calcium carbonate each were used and enough water added to bring 
the ooiitent up to 15 per cent. The desired quantity of sodium nitrate was 
added in the water. For each concentration of nitrate 8 jars were planted with 
Madium Early Qtem soybeans. The plants wtre removed from 4 jars to each 
dapUcate determination^ All jars were inoculated when the plants were 12 
days old and again a week later. The nutrient solution was added weekly, 
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I4t days aft«r jfche taybaain mt fimtd. Tbe fame Und mad 
iiiMMiiits of ncm-nitrogonoiis nutrients that ware used in the former greed- 
fomse esperiment also were added in these tests. 

Nodul^ were observed first in the control plants when 22 days old» or 10 
days after the first inoculation. The plants were harvested when 31 days <fid. 
^Iinmediately after harvesting the roots were washed free from sand in running 
water and ^en shaken as free as possible from water. The roots were then 
cut off from the tojpB and chopped into fine pieces. This finely cut tissue was 
then thoroughly macerated in an agate mortar and the juice squeeaed through 
canvas into a test tube. The test tube was immediatdy corked and placed 
in a freezing mixture of ice and salt. About 15 minutes eliq)8ed between the 


TABLE J 

Sjfia of nUraUt on rodncirng sugar and nUraio eontoni of fkml sap (oflemoon harvest) 
Flaati grown in sand 


COMBtnoir Of FLAim AT-SAKVXST 

mnasa AMD tin or 

MOOOUCS 

MmATXN 

ADIKBDTO 

100 OM or 

•AMD 

MintAnNiM 

lOOcc or 

riAMT J01CS 

iSOUC- 

UfO 

•DOAE 

IM 

riAMT 

JDIC** 



Roots 



MfW 



mm 

Thrifty. 

Large; abundant 

0 

30 0 

4 0 

342 


Small, few 

2 5 

93 7 

47 0 

421 

Thrifty, mailer than above .. .. 

None 

5 0 

93 7 

56 1 

187 


None 

10 0 

100 0 

72 2 

168 

No gennination. 

• 

IQQI 





* Ca k nlsted as mgm. of dextrose per 100 cc. of juice. 


harvest and placing the extracted juice of tops and roots in the freezing mix¬ 
ture. The juice was kept cold until the analyses were made. The analyses 
were completed within 48 hours after harvest. The results are given in talfie 3. 

The data are in conformity with those made on the dry matter. The 
nitrate content of the juice increases with the nitrate content of the soil| although 
the increase is not nearly so great proportionally. 

Ihe reducing sugar content decreases with the increase in nitrate, although 
a oonsidecable amount is present even with the hig^t concentration of 
nitrate. 

These i^ts were harvested in the afternoon when the sugar content prob- 
ably approached the maximmn. In order to determine the sugar and nitrate 
Gontmt of the root sap in the early moming another set of plants was grown* 

For this second experiment new sand was obtained for the ccrntrols whfie 
the sanm afihd which original 10 ami 20 mgm. of nitrate idt^ 

gen, mipecdh^i ased m the prevms eipajment, was again used. 
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when 26 daysold and Iriul attriaed 

tii liOM 4ti(e dt frb'Wth at those ia previous eaqpeiimeot, The odotxol 
plattU iwe moewhat larger than the planU gzoib in the bwest ooti^tm- 
tii»t< nitrate. Tm milligrams of nitrate dq>re8sedgrcn¥th to a gieater extent 
aUe the teed again failed to germinate in the sand containing 20 mgm. of 
nitrate nitrd{g^ per 100 gm. The harvests and extractions were made from 
6to7a.itt. 

The oontrol plants contained large nodules while the plants from the first 
concentratkm contained very small nodules, barely visible to the naked ^e. 
The plants grown in the higher concentration were entirely free from thm. 
The results are given in table 4. 

The reducing sugar content was lower and the nitrate content higher in 
plants collected in the morning than in those collected in the afternoon. The 
plants not being grown at the same time, of course, are not exactly comparable. 


TABLE 4 

Effect of nitrates tn sand on reductng sugar and ntirate content of fflant sap 
Early morning harvest 


HsioHTornAim 

' • 

OEUOKATIOH 

KITKATB N ADDED 
TO 100 on OM 

IN 100 CC or ROOT JUICE 

SAND 


Redudaf sugar 

tmcAis 


mgm 

1 MfM 1 

mgm 

7| 

Good 

0 


220 0 

6 

Good 

5 


107 4 

5 

Leas than 50 per cent 

10 


75 8 

0 

None 

20 

mmii 



The accuimdaHon of nUrates in darkness 

The figures given in tables 3 and 4 indicate that mtrates accumulate in 
plants during the night It is, therefore, interesting to know to what extent 
they may accumulate during longer periods of inhibitea photosynthesis. 
Ihe foHowing studies, therefore, were made. 

Jars containing 37^yK>ld plants grown in sand to which 10.5 mgm. oi 
nitrate nitrogen from caldum nitrate had been added were removed to a dark 
cellar. Three days laJ:er another lot of the same plants was placed in the 
cdkr. Jars were kept also in the light iot controls. 

AH plants were faii^ested when 44 days old and analyzed for nitrate. The 
results are given in table 5. 

It IS seen that there was a decrease of nitrate in the tops but an increase in 
tli4 eooti. This may possibly be explained on the basis of decn^aaecf' trails* 
pirai|Qii apd the consequent decreased upi^ard movement in the^eoo^ d a mp 
ofHat The mMual sugar in the leaves used up the nitrates faker than it 

Aa 

haeUm evidefi^ tlmt such an e^qdanatibn may be the correct one, it m§ 
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ONUd that when 38-day*okl plants wete piaoed in a wans, diy, darit doart for 
3 daiys the percentage of nitrate in the tops ma greatly increased. 

From the data presented it appears that in the other eaperiments the nitrate 
content of roots when harvest^ I»obably was as low as or lower than at any 
odier timft of the day, with the exception of the results rqxwted in table 4. 


TABLE 5 

Ejjfect of darkness on the accumuhHon on mtrates in plants 
Sand cultures 


AOtOrnAMTSlM 

TIMS BXPT IN DABJC 

NITRATE N ADDED 
PER 100 OX Of BAND 

KITRATI CONTENT IN 100 OH OF BAP 

ucorr 

NX88 

Tops 

Roots 

iofSi 


mem 

mgm 

mgm 

44 


10 5 

110 

118 

44 

0 


83 

107 

40 

4 


77 

140 

37 


10 5 

61 

145 


NUrate content of roots from the same plant when divided parts are placed in 
nitrate and non-nitrate solutions 

Wilson (19) reported that when the roots of a soybean plant were divided 
and one portion placed in an inoculated solution containing no nitrate and the 
other portion in an inoculated solution containing nitrate, the roots in the non¬ 
nitrate solution developed nodules while those in the nitrate solution devdoped 
none. He concludes that the inhibiting factor is local m charactei. If, as 
the data reported thus far indicate, there is a connection between the nitrate 
content of the plants, and the failure of the plants to form nodules, the nitrate 
content of two root portions should differ. Accordingly, experiments were 
made to determine whether or not such a variation existed. 

The amount of nitrate in the divided root portions was determined as fol¬ 
lows. In two ordinary glass tumblers was placed 250 cc. of a nutrient solution 
without nitrogen. To one of these tumblers was added sufficient calcium ni¬ 
trate to give a 0.05 per cent concentration of the salt (20 mgm. of nitrate nitro¬ 
gen). Roots from 6 inoculated soybean plants (40 days old) were divided as 
evenly as possible and one portion was placed in each tumbler. The water 
lost was renewed daily. Roots from 24 plants were harvested after 3 days 
lor duplicate determinations. The roots from each portion were cut off and 
thorougUy washed, and after shaking as free as possible from adhering water 
the rbots were blotted between filter paper. Tliey were then cut up finoi 
macerated in a mortar and the juice squeezed through canvas. The nitrate 
determinations vmt completed within 3 hours after harvesting. 

To anotiier set of plants a second addition of 20 mgm. of nitrate nitrogen 
as catdum nkMlte was added to the nutrient solution after the fifth day* 
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Thwfkboits were amoved to for a total of 8 days. The 

molts with the two sets of plants are given in table 6. 

The non-nitrate solution gave a negative qualitative test for nitrate at the 
end of the 8-day period. 

These results show a decided difference in the nitrate content of the roots 
in the two portions. This is in harmony with the results of Nedokvochayev 
(12) and of Kraus and Kraybill (8) who have shown that different parts of the 
same plant organs may differ in nitrate content. 


TABLE 6 

Nifraks in differetU portions of roots of the same plants {40 days old) when different portions 
are placed in nutrient solutions with and without nitrates 


1 

DAYS XN S0C.I7TZ0N 

KlTIAr* QUALXTATZVE 

NrriATx 

In 100 cc of nutnent 
lolulion 

In 100 cc of juice. 



mgm 

fnrtn. 

3 

Present 

0 ' 

Tracct 

3 

Present 

0 

Traccf 

3 

Present 

8 0 

8 46 

3 

Present 

8.0 

8 46 

8 

Present 

0 

1.20 

8 

Present 

0 

0 90 

8 

Present 

16 0^ 

10 16 

8 

Present 

16 0* 

Lost 


* 8 mgm. added at beginning; 8 mgm. added after 5 days, 
t Less than 1 mgm. per 100 cc. of juice. 


The effect of nitrates upon the reaction of the plant juice 

It has been noted earlier in this paper that several investigators have shown 
that the reaction of the plant sap is governed by a buffer system, and that this 
reaction is to a considerable degree independent of the composition and reac¬ 
tion of the soil solution. However, since the spedffc effect of nitrates on reac¬ 
tion had not been studied, the determinations of hydrogen-ion concentration 
of the juice from the Same set of plants reported in table 4 were made. Plants 
2d days old were harvested in the afternoon, and the determination made im¬ 
mediately. It WES found that untreated plants had a hydrogen-ion concen¬ 
tration, expressed *as pH, of 5.82, plants receiving 5 mgm. of nitrate nitrogen 
had a pH of 6.14 and plants receiving 10 mgm. a pH of 6.4.! 

TheU figures show that sodium nitrate decreases the acidity (H-ion concen¬ 
tration) to a slight extent, but the pH m the nitrate-containing plants is even 
more favorable for the growth of ^zobkm legiminosarum than the reactien 
of {Im sap of plants containing no nitrate. Apparently, the izihibiting effect 
of pihrates on nodule production is not a question of reaction* 

* Jhm detacminatiMis were made by 0. C ffiyaa. 











Ms pobted oat in tbe btppciiictoor jp«rt of this jpiper that twp thMte 
why nitrates iahSUlt nodule production ore not tenahle in flm 
0 f observed facts. Enperhiioits were made to detennine the vi^ty of the 
other theoryi msndyp the failure of the bacteria to thrive on account of the 
lack of sugar, since the sugar was used up m reacting with the nitrate. The 
data obtained showed that while the sugar content was less in the plants con¬ 
taining nitrate, the soluble reducing sugar did not entirely disappear from the 
nitratecontaining plants even in the early morning after the nocturnal period 
of the arrested photosynthesis. 

From the studies rqx>rted herein it is seen that when soybeans are grown in 
soil or sand containing nitrate there is a marked accumulation of nitrates in 
the toots and tops of the plants and that normally, the concentration of nitrate 
is much greater in the plant than in the soil, or even in the soil solution. It 
was also observed that nitrates in the plants increased to some extent with 
the increase of the nitrates m the soil. Furthermore, when plants are grown 
in a sand very poor in nitrate, comparatively small amounts of nitrate are 
found in the plant. 

IfiUs* (5) results on the effect of nitrates on the growth and reproduction of 
Rhi$obiium kgurnmosarum are given in table 7. It is noted from these results 
that the amounts of nitrates (2.5,5.0 and 10 mgm. of mtrate nitrogen per 100 
gm. of soil) added to sand in the greenhouse experiments reported in this 
paper, actually stimulated growth and reproduction, but that the concentres 
Hon of nUrate smUof to that found in the plant when nodule production was 
mkihitedf was stffieiont to bring growth and reproducion of the bacteria in the 
soil to a virtual standsHU. The decrease in growth due to the increase in 
nitrate is gradual, just as in the plants there is a gradual decrease in the size 
of the nodules with an increase in the amount of nitrate. Likewise, the 
analytes of plants containing small nodules grown in a fertile ffdd showed 
enough nitrates, according to the table, to have some inhibiting effect upon 
the growth of Ekiaobkm leguminosarum. Inoculated plants entirely free from 
nodides, from the same field, contained decidedly more nitrate. 

It was shown that when differeit portions oi roots from the same plant 
are grown in nitrate and nou^trate scdutions the nitrate content of the por- 
tkn grown in nitrate was 10 times greater than the portion grown in the non- 
ninale solution. 

Wlsmever an inhiUting effect on luxiule producrion occurred in these 
stodtai soffident nitrate was found ta Iks phmt to check to a constdermUe 

aim IMCWint of nitmte present In the idant was sevmnl times greater than the 
dkrilaMaleM ef tlm soff b wiikh the plant was grow^ 
site between the nltsate coatait of ^ sdl and that of the plant 

On idativd^ ra^ diftusba b the plant sap the nitrab conMned 



js$ 

iff in tlm ptant roots wooU ptohiWjr be more qukUy rsphoed tbaa 

irattid be tbe me in dther soil or a^. Th^ore» aside from tbe buffer ac* 
tittiiisdf tbe sqff {Mutides on siibs&noet toxic to organisms, a given oonoentra^ 
tfc)i| of nitrate may be more effective in inhibiting the growth of bacteria in 
the sap than in the soil or agar. It is obviously impossible to determine the 
exact effect of a spedffc concentration of nitrate upon legume bacteria in the 


TABLE 7 

InjUmce of ealcUm nitraU on Rkiubium Uiumnosanm in storilUod soil 
Results obtained by HIUs (5) 


1 

CULtOKt 

tnncssft 

TBSAtKBMT* 

QnttAisNiM 

too OH or my 
son.) 

voKsm Of oEOAififm im 1 on or mv ion. 

At the begin 
ntng 

After 1 week 

Relative 

After 2 weeks 

ReUtivt 


mtm 



pifunt 


psrunt 

1 


10,000 

960,000 

100 

4,675,000 

100 

2 


10,000 

850,000 


4,590,000 


3 

2 3 

10,000 

3,650,000 

419 

6,000,000 

124 

4 


10,000 

3,940,000 


5,450,000 


5 

6 0* 

10,000 

5,500,000 

674 

10,650,000 

274 

6 


10,000 

6,700,000 •* 


14,700,000 


7 

11 5 

10,000 

4,000,000 

414 

9,350,000 

195 

8 


10000 

3,500,000 


8,670,000 


9 

23 0 

10,000 

1,200,000 

180 

1,500,000 

35 

10 


10,000 

2,050,000 


1,750,000 


11 

35 0 

10,000 

865,000 

106 

765,000 

17 

12 


10,000 

1,050,000 

% 

800,000 


13 

46 0 

10,000 

375,000 

35 

350,000 

7 

14 


10,000 

260,000 


300,000 


15 

69 0 

10,000 

35,000 

4 5 

25,000 

07 

16 


10,000 

47,000 


40,000 



* HOIe reported tbe soil treatment in terms of nitrate (+NOi). These figures have been 
converted to tbe nitrogen J[K) equivalent in order to harmonbe with the other data 


living plant root, and while, of course, the ^ect of a given concentration in 
soil cannot be exactly comp)arable to the,effect of the same^ concentration of 
nitrate in the plants, the data reported hmin, interpreted in the light of data 
secured by Others, <^er striking evidence that the inhibiting action q( nitrate 
upon aodule loftoation is at least in part due to tbe antiseptic action of the 
pHSate of the root sap upon JiMiabim That this action is 

pvdbaMr nat to any change in osmotic psetsure Is seen from Wilton's (19) 
restdts, nam^, that nitrates and sulfates inhibit noduk production but phos* 
















Jit tt. 

ifid chlorides l!tii$ ymki 

tliittlieinUbitii^actumbof Also daU em rqxMl^ed alx^ 

iddch prove that the effect is oQt due to a dumge in reaotloiL 

Kmus and Krayl^ <8) have diown that a high nitrate content in plants 
accompanies a low kigar content and vioeN^vecsa, Data reported herein con¬ 
firmed their results. Xonsequently, any evidence that nitrates in ik$ pbtni 
exert a detrimental effect uxKm legume bacteria also may be considered as evi¬ 
dence that a decreased sugar supply is responsible. On the other hand, the 
work of Hills, previously discuss^, shows that the deleterious effect of an ex¬ 
cess of nitrates on legume bacteria takes place in soil where photosynthetic 
processes are not involved. However, before any definite conclusion can be 
drawn in this regard, it will be desirable to determine whether or not the 
addition of sugar to the soil counteracts the depressing action of nitrate. 
Likewise, although sulfates and nitrates independently exert an inhibiting 
effect on nodule production, it may be contended that the effect of sulfates 
could be due to the possible stimulation of the nitrogen mtChbolism of the 
{dants and the resultant increased consumption of sugar. Further studies 
should also be made regarding this point. 

Furthermore, it would be interesting to know the relative absorption and 
accumulation of the various salts by l^ume plants. It may be noted in this 
connection that Peterson (13) found a large accumulation of sulfates in plants 
grown in soil to which sulfates hwd. been added. The behavior of sulfates in 
that respect is thus seen to be sipiilar to that of nitrates. The effect of high 
concentrations of sulfates uppn^the growth and reproduction of legume bac¬ 
teria in soil or in solution has not been studied. Pitz (14) found that 1 per 
cent calcium sulfate ha^ little effect upon the total number of organisms in 
the soil. Fred and Hart (4) studied the effect of different sulfates upon car¬ 
bon-dioxide production in soil. They found in general that small amounts 
produced a marked stimulation in carbon-dioxide production, and that an opti¬ 
mum concentration was reached, after which further sulfate additions pro¬ 
duced a decline in the carbon-dioxide output. 

Another interesting study that this work suggests is the anti8q>tic action of 
absorbed radicals on ph 3 rtopathogenic organisms. The statement is often 
made that fertilizers give the 3 ^oung plant more vigor and render it more resist¬ 
ant to disease. ^To determine whether this increased immunity is at least 
partially due to the accumulation of certain salts absori>ed by the {dant from 
the fertiUsers would make a very interesting and inqxurtant subject of 
investigation. 


suiocaav 

When aag^beuB are grown in soS or in land ooutaining nhiatM there k a 
narind aoomulation oi nitrates in the plant. 

The eoncltttntina of nitrate in the plant eap k much greater than in the 
lall ar even in tlMaail eeintian. 
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THhkm is an increase in the nitrate content of the roots during periods of 
arrested photosynthesis. 

The nitrate content of sap increases to some extent with the increase of 
nitrate in sand, although the increase is not proportional. 

Nitrates retard, and in sufficient quantities entirely prevent, nodule 
formatkm. 

Nitrates have little effect upon the hydrogen-ion concentration of the plant 
juice. 

The concentration of nitrate present in plant sap when the plants fail to 
produce nodules is sufficient practically to prevent growth and reproduction of 
soybean bacteria in soil. On the other hand, the concentration of the nitrate 
in the soil in which the plants were grown is so low that growth and reproduc¬ 
tion in soil are stimulated. 

While different buffer actions and rates of diffusion make exact comparisons 
between the effect of different concentrations in soil and in sap impossible, the 
data presented offer strong evidence that the reasou for failure of nodule pro¬ 
duction in the presence of nitrates is due at least in part to the effect of the 
high concentration of nitrate in the sap upon the growth and reproduction of 
Khizobium legumkwsarum. 

This theory is not out of harmony with Wilson’s findings that the inhibiting 
factor was local in character. 

The amount of reducing sugar in plants decreases with the increase in nitrate, 
but sugar was present with the highest content of nitrate used even in the early 
morning. Further study is needed before definite conclusions can be reached 
as to what extent the failure of nodule production in the presence of nitrates is 
due to a diminished sugar supply. 

Some evidence indicates that the deleterious effect of the high nitrate con¬ 
centration upon Rhizobium leguminosarum is at least partially of a specific 
nature. 
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THE CAPILLARY POTENTIAL AND ITS RELATION TO SOIL- 
MOISTURE CONSTANTS 

WILLARD GARDNER 
Utah Agriculhiral ExpmmeiU Station 

Reoeivwl for publication August 24, 1920 

Although a slight change in the structure of a given soil may appreciably 
change the value of the potential with constant moisture content, we may 
nevertheless make use of this ph 3 rsical character to advantage in soil-moisture 
studies. Buckingham (2) has outlined its significance in the study of moisture 
movement but recent literature is devoted largely t6 another point of view. 

The potential may involve other factors but obviously a soil which has been 
allowed to approach a condition of permanent porosity by processes akin to 
crqi^ing may be characterized by a capillary potential, the magnitude of 
which is determined by the moisture content and the concentration of dissolved 
substances. 

Briggs (1) has given some preliminary data obtained from a series of soils 
by use of the ^^centrifugal” machine, lowing that for a considerable range 
the moisture content p is a linear function of the reciprocal of the “centrifugal” 
force with which it is in equilibrium. If this force is proportional to the poten¬ 
tial w ^or the corresponding moisture content, the potential is evidently an 
hyperbolic function of the moisture content over this range, the effective 
radius r of the soil particles entering as a parameter. This subject has not, 
however, been exhaustively investigated and it b not unlikely that the function 
is somewhat more involved. 

Whatever may be its form, it is of interest to note that a new inteipretation 
of sdl-mdsture constants is made available through a consideration of the 
potential function. "The so-called hygroscopic coefficient k, regarded as a 
functkm of the soil texture, defines an equipotential curve over the ^ surface; 
and, in a similar manottr we may regard the Hilgard-Briggs moisture-holding 
capacity c, the saturation constant r, and the Briggs moisture equivalent e as 
i^miScations of particular equipotential curves. The wilting coefficient w 
may involve other factors su^ as opmte to influence the movmetU dt soil 
moisture, although it will no doubt define a curve of ai^roadmatety constant 
potentiaL The same may be true of Greaves’ (4) bi^pgical cmutahts. 

The carves of figure 1 have been drawn to ifiostrate the projection into the 
fP ffiane of a series of Briggs* curves fmr dtferent kinds of soil. As stated, he 
hie plotted the te^Hrocal of the “ centtifiigel” force against the moisture con- 
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tent luid gets a series of strai^t lineSi whereas, the corves of figure 1 would 
perhaps more nearly rq>re8ent the potential curves. A system d concurrent 
straight lines were drawn and the equipotential lines e, w, and k so located as 
to give a system of values for the ordi^tes at the points of intersection with 
the curves of the family satisf 3 ring Briggs’ system linear equations. These 
curves were extended in such a way as to approximate a family of hyperbolae 
intersecting the vertical line c at points the ordinates of which would also 
satisfy thc^ equations. 



Fio. 1. A Systxx or Coavxs SATxsrYmo Bxxoos’ LxMXAa Equatxons Aim Coksssibnt 
wiiB BIS Data Kxlahno the Moistitse Content to the Keofrocal or tbb 
Equcubeium Centeituoal Force 

A comparativdy simple transformktion of the points on these curves parallel 
to the w axis is no doubt possible which would give a family of hyperbolae. 
It is evideiit, however, that the lines must remain concurrent at a finite poixU; 
oorrespoodmg to the '^adhesion” potential which would perhaps be the same 
to all Mb. 

A vertical lines have been drawn to illustrate the projection into 

the wp {HSJie of the several equipotential curves indicated above. The ordi^ 
Mto at the wtoui pointsof kteraection wodd repiesent the various€ 0 ^ 
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for the setks of soib r^resented, and it may be readily seen that a knowledge 
of the functional relation between the potential, the moisture content, and the 
effective radius of the soil particle, whether obtained empirically or by theo¬ 
retical speculation, would not only be equivalent to a knowledge of the various 
moisture constants but also relations that may exist between them such as 
the Briggs system of equations (3). 

Attention should be called to the fact that the function may not be single¬ 
valued. It is not difficult from a careful consideration of the surface config¬ 
uration of the moisture in the soil to conceive of an abrupt change from posi¬ 
tive to negative curvature at a given moisture content due to an abrupt iiniting 
of the numerous individual droplets about the points of contact of the soil 
particles, resulting in a new surface configuration of reverse curvature. The 
potential would be directly determined by the curvature and two values may 
thus be possible for a given moisture content over a certain region. In fact, 
it seems quite impossible to account for a hygroscopic coefficient on any other 
basis. 

Fortunately, a simple method of experimentally determining the potential 
function is available, as suggested by Buckingham (2). It is perhaps quite 
'immaterial where the zero potential is placed and also what convention is 
adopted as to the algebraic sign, although it is somewhat more in accord with 
modem usage to define the potential as the work done by the field forces in 
bringing unit mass from the point in question to infinity, and in such case the 
heat of vaporization corresponding to the potential at ^ on the diagram should 
be added to Buckingham’s potential and the negati^ e sign should be used. 

In conclusion, it may be stated that a consideration of the subject of soil 
moisture from the standpoint of the capillary potential gives a new interpreta¬ 
tion of the various soil moisture constants. From experimental data already 
available, it is evident that the potential function may be comparatively sim¬ 
ple. The curves which have been plotted are given as indicative of what may 
be expected although further eiq)erimental investigation may suggest a trans¬ 
formation parallel to the potential axis. They are consistent with the well 
known Briggs equations and with the linear character of his moisture-centri¬ 
fugal force curves, aJtbough, as stated, they are to be regarded as suggestive 
only, and this article has been written with the hope of emphasizing the point 
of view rather than to attettnpt to specify correctly t^ character of the function. 
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INFLUENCE OF MOISTURE ON THE BACTERIAL ACTTVITIES OP 

THE SOIL 

J. £. GREAVES and E. G. CARTER 
Utah AtricuUitral ExpeHmmU Station 
Recdwd for pubhcatloB Angiut 25,1920 

Most of the chaDges which take place in soil are wrought by micro-organ* 
isms. They bring about the transformations through which nitrogen passes 
into the soil, that is to say, the transformation from its organic compounds of 
the soil or its free form of the atmosphere to a form available to the growing) 
plant. Furthermore, bacteria play an essential part in the cycles throughj 
which hydrogen, suBur and carbon pass. They bring about the mineraliza-' 
tion of calcium, iron, phosphorus and other inorganic elements of the plant 
and animal residues in the soil. Moreover, many compounds are changed 
from insoluble to soluble forms and thus made available to the growing plant. 
At times bacteria have an opposite effect and render many of these substances 
insduble, thus preventing their loss from the soil through leaching. Or at 
times they may even compete with the higher plants for the limited supply 
of nutrients in the soil. 

The speed with which these transformations proceed is governed to a 
marked extent by the water which the soil contains and it is not unlikely 
that the optimum moisture content of a soil for the production of maximum 
crops is that water content which is ideal for beneficial bacterial activity of 
that specific soil. Although investigators have determined the optimum 
moisture content for the various bacterial activities, yet none have made an 
atten^>t to obtain a general eaqpression to cover specific bacterial activities in 
widely different soils. This investigation was therefore undertaken with the 
hope of finding soMm general law governing the water requirements of the 
various bacteria of the soil and correlating this with the requirements of 
hi gher plants* 

A ca^ul review of t£te literature dealing with the various phases of the 
sut^ect has been made, and there is given under each division a resum6 of the 
most important 

sous 

The soils used |n the work were coll e c te d during the fall of 1919* They 
te | » r ei e nt 22 iSfftrent farms, and all except three were from Cache Valley, 
within a radius of 45 miles witidn the barin of what used to be Lake 
BonneviBe. Th^ are of sedimentaiy prigin and came from the nearby 
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immtfSim which 9Xt ccmpoeed largely of quaxtsrite and limestones. All aiie 
wdl sujpfdied with phosphorus, potassium and other essential dements (49}| 
with the ex€q>tion of htunus and, nitrogen which in the majority of cases is 
low, as is chaiucteristic of the soils of arid America. Some of the soils con- 

TABLE 1 


SoUs used m determining motsture requirement of bacteria 


uxnx 

tmu 

BBft 

TYPB or BOIL 

LOCATtOM 

caor 

TRXATXSNT 

1 

Clay loam 

J C Johnson Farm, 
North Logan 

Beets—8 years 

Irrigated, manured 

2 

Clay loam 

J C Johnson Farm, 
North Logan 

Beets—8 years 

Irrigated, manured 

3 

Tight day loam 

J C Johnson Farm, 
North Logan 

Alfalfa—2 years 

Irrigated, manured 

4 

Sand loam 

North Logan 

Weeds 

Irrigated, manured 

S 

light Band loam 

Jacob SwartE Farm, £ 
North Logan 

Wheat—2 years 

Dry land 

6 

Clay bam 

Parley Annond Farm, 
North Logan 

Wheat 

Irrigated 

7 

Peaty bam (alkali) 

R Smith Farm, West 
Logan 

Pasture 

Irrigated 

8 

Silt loam 

East Petersboro 

Wheat, continu- 
aUy 

Dry land 

9 

Black bam 

Miller Bros Farm, £ 
Petersboro 

Wheat 

Dry land 

10 

Veiy tight clay 

Kidman Farm, Peters¬ 
boro 

Barley 

Dry land, no ma¬ 
nure 

11 

Silt bam 

Near Mendon 

Wheat—8 years 

Dry land, no ma¬ 
nure 

12 

Extra tight day 

Near Mendon 

Barley 

Dry land, |no ma¬ 
nure 

13 

Trenton fine loam 

Sugar Spur, W. Logan 
(McC^bs) 

Beets—3 years 

Irrigated, manured 

14 

Fine silt loam (al- 
kaU) 

Johnson Farm, West 

1 Logan 

Beets—2 years 

Imgated, no ma¬ 
nure 

15 

Light sandy bam 

Providence (Hanson 
Farm) 

Beets—IS years 

Irrigated, manured 

16 

Medium sand loam 

Providence (Allen 

Farm) 

Com 

Irrigated, manured 

17 

Sand 

Providence Bench 

Nothing 

Dry land 

18 

Light mountain 
bam 

Bothwell, Utah (Soren¬ 
son Farm) 

Wheat 

Dryland 

19 

Loose, light moun- 
i tabloam 

Johnson Farm, Blue 
CredK^ 

Wheat—4 years 

Dryland 

20 

1 Fine sand 

Hansen Farm, Garland 

Falbw, idieat 

Dryland 

21 

! ^.ngBlIiC KNuu 

Hansen Farm, CoBlns- 

Ugl 

Wheat—12 year^ 

Dryland 

22 

WhitiMclIv'taB 

Boulaan Farm, Cdlfaif- 
tpo 

Wheat—10 years 

Vryktad 

1 









XmiTlElfCS OF OlSf BOBBL BACTBHA 


liia i# Uffik iui so per mt of calcium and magnesium carbonate. They are 
all lemaikahly fertfle and produce eaceUent orc^s for many year^ without the 
addition of manures. Although quite similar they possess a great variation 
in physical properties. Most of the soils were ideally adapted both chemi¬ 
cally and bacteriologically to support rapid bacterial action. 

The type, location, crop and general treatment of the various soils are given 
in table 1. 

These Soils represent the typical farming lands of Cache Valley^—dry land, 
irrigated, manured, and unmanured. Their treatment has been greatly 
varied and although we give here the crop for only a few years, 3 rct some of 
them have been tilled for more than fifty years. 

They range all the way from the loose sand, as represented by no. 17, to 
the tight day of no. 12, as may be seen from table 2. 

TABLE 2 


Physical analysis of soils used in determining moisture requirement of bacteria 


■Amu 

NUMBn 

. 

MKDIUIC BAND 

nWE SAND 

COA&SX SILT 

IfXDIUM SI^T 

FINE SILT 

CLAY 


percent 

percent 

percent 

percent 

percent 

percent 

1 


» 35 966 

14.121 

9.972 

6.173 

7.083 

2 

K aoiH 

44.250 

21.086 

11.087 

2.098 

5.240 

3 

43.676 

53.805 


10 674 

4.327 

9.101 

4 

18.282 

33 085 


12.785 

9.340 

6.983 

5 

26 884 

27 270 

21.421 

11.403 

i.m 

7.715 

6 

4.500 

26.487 

27.905 

17.955 

9.974 

11.363 

7 

6 049 

31 578 

26 077 

18.594 

7.767 

14.450 

8 

12.501 

21 963 

20 260 

15.195 

11.137 

11.033 

9 

8 010 

24 867 

24 176 

20.441 

10.245 

16.136 

10 

3 630 

19.502 

25.020 

24.785 

18 837 

12.642 

11 

15.560 

33 799 

16 928 

14.764 

9.948 

11.313 

12 

1.086 

6.363 

17.866 

27 381 

26.227 

19.896 

13 

20.806 

41.067 

19 133 

9.025 

6 015 

7.209 

14 

17.267 

30 072 

22.536 

. 16.375 

3.685 

2 . 26 ? 

15 

77.882 

9 374 

5 539 

3.566 

3.035 

4.841 

16 

14.577 

35.581 

23 345 . 

13.576 

6.690 


17 

90.140 

7.941 

1.252 

0.703 

0 443 


18 

39.965 

^.275 

13 751 

5 377 

5 010 


19 

28.252 

39.064 

11,774 

8.822 

5.860 

6.302 

20 

89.104 

4.571 

1.539 

1.925 

1.754 

2.079 

21 

13.074 

1 26.350 

23.957 

14.794 

12.510 

1.018 

22 

20.129 

1 31.338 

15 749 

12.645 

8.195 

13.340 


The analysis was made by meuis of'the Yoder dutiiator (53), and the. 
diSmnt separates are those indicated by him. The medium sand ranges 
ban 1.086 in no. 12 to 90.14 in no. 17. The fine sand varies {nM> 1.511 in 
no. 20 to 53.805 in no. 3, the coarse ult from 1.252 in no. 17 to 27.905 in no. 
6, medium silt from Ol 703 in no. 17 to 24.785 in no. 10, fine siltfioittO<448 in 
no. 17 to 26,227 in no. 12,aadtliechiyfrimi0.831inno. 17 to 19.896 per cent 
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CAPAcamr 

This was detenaiiied by the method devised by Idgard and modified by 
Briggs (37). Small cups S cm. in diameter and 1 cm. in height with tibe 
bottom made of fine screen were used. The soil was settled slightly by jar¬ 
ring and stroked oS level with the top of the cup. The filled axps were then 
placed with the bottom in water, and when the soil had taken up their maxi¬ 
mum amount of water they were allowed to drain for 30 minutes. The per¬ 
centages of moisture in the soil were then determined by weighing before and 
after drying. 

The average results for four closely agreeing determinations are given in 
talde 3. 

TABLE 3 


Jiasamum wakr^holding capacity of soil 


vmiBa 

WAm-Kowwo CAfkan 

Mvmn 

WATXK,SOU>lirO CAFACm 


p0‘emi 


p0fcmt 

17 

31 

10 

61 

20 

33 

12 

61 

15 

44 

2 

61 

18 

51 

4 

62 

13 

51 

3 

65 

5 

53 

1 

68 

11 

56 

7 

74 

19 

56 

8 

77 

6 

57 

14 

78 

9 

59 

21 

78 

16 

60 

22 

78 


lUs gives us a set of soUs with a water-holding capacity of from 31 to 78 
per cent. Xt is quite evident from these results that the water-holding capac¬ 
ity of these scdls is due in the main to the quantity of day and organic matter. 
Srf 17 has the lowest water-holding capadty and i( also has the lowest per- 
centige day. Soil 21, with the highest water-holding capadty, is next in 
day content, but it possesses more organic matter than any of the other soils. 

MBlWOn OF XXPEBXMENTATEON 

The ammeiigying, nitrifying, and nitrogen-fixing powers of the soil with 
dm vailoni maiatiiie contamts warn detanoubad as follows: 

Tlie inMkdfying power cl dm aofi was deteftnined by wdi^iiiig l6D*giau 
pemimm if dm iiAjmsd 2 gmu of dried Ueodinto 
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by Mtaf of 4 itMfle iiMttttla and the water content mode iq> to from 10 to 
100 for cent in 10 per cent iacrementB of their water-bolding tepadty* The 
sauries were incubated at 28^ to lO^C. for 4 da 3 rs and the ammoida deter- 
mitted by transferring to Kjeldahl flasks with 4100 cc. of distilled water, adding 
2 gm. of magnesium oxide and distilling into 0.1 N sulfuric add. 

The nitrifying power of the soils was determined in tumblers Mmflar to 
the determination of the ammonifying power, except that they were incu¬ 
bated for 21 da 3 rs. The moisture content was made up every 3 days to the 
initial percental, and the nitric nitrogen determined as follows (18). 

The contents of the beaker, together with 500 cc. of distilled water and 2 
gm. of alum, were placed in quart Mason jars and agitated for 5 minutes in a 
shaker. 

An aliquot part (100 cc.) of the supernatant liquid was pipetted off, and, 
together with 2 cc. of a saturated solution of sodium hydroxide, was evapo¬ 
rated to about one-fourth of its original volume to free it from ammonia. To 
this were added 50 cc. of ammonia-free water, 5 gm. of “iron-by-hydrogcn,” 
and 30 cc. of sulfuric acid (sp. gr. 1.35). If less than 40 mgm. of nitric nitro¬ 
gen is to be determined, it is well to take a correspondingly smaller quantity 
of iron and sulfuric acid. The neck of the reduction flask was fitted with a 
2-hole stopper, through which passed a 50-cc. separatory funnel and a bent 
tube which dipped into a vessel containing water in order to prevent mechan¬ 
ical loss. The acid was slowly added and allowed to stand until the rapid 
evolution of hydrogen was over. It was then heated to boiling for 10 min¬ 
utes. The contents of the side vessel were returned to the reduction flask 
before the reaction was complete, thus insuring the complete reduction of 
any nitrates which may have been carried over with the first violent evolution 
of the hydrogen. The contents of the reduction flask were transferred to 
Kjeldahl flasks, neutralized with sodium hydroxide, and distilled into stand¬ 
ard add* The excess of add was titrated back with standard alkali, laco- 
moid being used as an indicator. Contrdb were run on all the reagents 
induding the alum used as a flocculant. 

The nitrogen-fixiig powers of the soil were determined by weighing 100 gm. 
of sdl and 1.5 gm. of lactose into stenlized tumblers covered with petri did&es. 
Suflkient sterile distilled water was added to bring the mobture up to the 
required percents^. Tke samples were incubated for 21 days at 28^ to 
30^. The moisture content was made up to the requi^ content every 
other day. The tumblers fmd contents pt tbe^end of the incubation period 
were dried at 95^C., ground in a mortar and 20-gm. portions void for' 
the determinatidn of nitrogen by the Gunning method revised tq, indude 
nktates (21). 

In the anunomfying, nitrifying and Bteof|s»4xing imk five or six detdr- 
minariena were made at etih wfittx content and the results as reported, 
itocuiMit this work are the aveiagei tat 4 number of ckNidiy agreeingdote^ 
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the soil is veiy great. Lipman and Broim (52) found aomionlSGatiou^ 
soil to increase with increased water content even up to 35 per cent d 
weight of the soil. However, later they uid Owen (33) found amxnoni- 
fication to increase as the water added increased up to a certain percentage, 
which varied with the physical nature of the soil, but larger quantities of 
water reduced the ammonia recovered. The work clearly demonstrated 
that the optimum moisture content for maximum ammonihcation is higher 
than it is for maximum nitrihcaticm. The quantitative difference between 
the two processes in the same soil was found by Sharp (44). Ammonification 
was most rapid with a 25 per cent moisture content and was not markedly 
affected by 3 per cent differences. Nitrification was at its maximum when 
the soil contained 19 per cent of water. When it was increased to 25 per cent 
the rate of nitrification was decreased 50 per cent 
When soils are held at a certain moisture content for several months and 
then aU brought to a corresponding moisture content (20 per cent) and the 
ammonia determined after 4 days, the variation in moisture content affects 
very materially the ammonia produced, as seen from the following results 
obtained by Greaves and Carter (17): 


Monruix ADOBD 

PKK CBirr or AmioinA 
PftODUCIO 

12.5 per cent of water. 

100 

15.0 per cent of water. 

111 

17.5 per cent of water. 

113 

20.0 per cent of water. 

123 

22.5 per cent of water. 

119 


This increased ammonification with increased moisture content is due, 
according to lipman, to the suppression of the aerobic decay bacteria and an 
acceleration of the anaerobic putrefactive bacteria. 

Robson (41) studied the changes produced in the nitrogen compounds in 
the natural oiganic matter of soils and ammonium sulfate and horn meal in 
sandy loam and day soils with varying amounts of water (6, 12 and IS per 
oent in sandy soil; 8,16 and 24 per cent in loam; and 8, 18 and 28 per cent 
in day). WiHh a low mmsture content the transformations of organic nitro¬ 
gen were more rapid in sandy soils than in the heavy soils, whereas with a 
higher moisture content there^was little difference. 

The weik et the Utah AgrTcultuxal Experiment Station (20) demonstrated 


that the ggp^lca tion of water to a soil increased its ammonifying powers^ as 


is shown the following: 

kdwaicr. 
flidm of water. 


. 100 
. fOS 
. 97^ 
. 104 
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ioil irfikh t^eeivcd no irrigation water in these plats was taken as pro- 
duciiig 100 per cent of ammonia. 

Hie results which we have obtamed in the study of the ammonifying powers 
of the 22 soils previously described are given in table 4. The water contents 
of the soil were 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 per cent of its water¬ 
holding capacity. The results as reported are the averages of four or more 
closdy agreeing determinations. 


TABLE 4 


Ammonia formed in 100 gm, of soil maintained at various moisture contents expressed in per 
cent of water-holding capacity 


innc> 

KXND or SOXL 




AKXONU roainu) 





10 per 

%ent 

20 per 

cent 

30 per 

cent 

40 per 

cent 

50 per 

cent 

60 per 

cent 




tOOper 

cent 

1 

Gay loam. 

mgm. 

0.3 

mgm. 

28 0 

mm. 

51 0 

mgm. 

65 0 

MfM. 

76.0 

mgm. 

135.0 

mgm. 

127 0 

mfM. 

72.0 

mgm. 

71.0 

mgm, 

69.0 

2 

Gay loam. 

2 0 


39 0 

91 0 

97 0 

109.0 

63 0 

54 0 

49.0 

57.0 

3 

Tight clay loam . . 

0 3 

2 0 

34 0 

83 0 

101 0 

127 0 

90 0 

67 0 

60.0 

51 0 

4 

Sand loam. 

0 2 

5 0 

14 0 

53 0 

58 0 

71 0 

57 0 

55.0 

63.0 

55.0 

5 

light sand loam . 

0 2 

3 0 

32 0 

61 0 

72.0 

75.0 

67 0 

43.0 

EX} 

300 

6 

Gay loam . 

0 3 

1 0 

5.0 

14.0 

27.0 

33 0 

30 0 

27.0 

26.0 

25 0 

7 

Peaty loam. 

2 0 

3 0 

6.0 

28 0 

34 0 

58.0 

48 0 

31.0 

29 0 

24.0 

8 

Silt loam. 

ED 

2 0 

21 0 

55 0 


78 0 

52 0 

28 0 

25 0 

25.0 

9 

Black loam. 

0 0 

0 3 

0 6 

48 0 

IS 


88 0 

56 0 

4.0 

3.0 

10 

Very tight clay. 

1 0 

2 0 

4 0 



69 0 

63 0 

36 0 

40.0 

32 0 

11 

Silt loam. 

2 0 

3 0 

14 0 

53 0 

55 0 

71.0 

37 0 

36.0 

33.0 

11.0 

12 

Extra tight clay. 

1 0 

2 0 

2 0 

2 0 

8.0 

13 0 

12 0 

12.0 

11.0 

9.0 

13 

Trenton fine loam .... 

1 0 

2 0 

32 0 

70.0 

I7W7 

126 0 

124.0 

104 0 

75.0 

600 

14 

Fine silt loam. 

4 0 

6 0 

20 0 

60 0 

62 0 

86 0 

44 0 

45.0 

45 0 

41 0 

15 

light sandy loam .... 

0 9 

14 0 

42 0 

61.0 

74 0 


103 0 

39.0 

39.0 

36.0 

16 

Medium sand loam.... 

IQ 

mm 

9.0 

31 0 

41.0 

50.0 

48.0 

44.0 

39.0 

41.0 

17 

Sand. 

Eb 

19 0 

23 0 

40 0 

57 0 

74.0 

71 0 

51.0 

41.0 

30.0 

18 

L4^t mountain loam. 

HI 

16.0 

52 0 


126 0 

127 0 

rroMi] 

61.0 

55.0 

55.0 

19 

Loose, light mountain 
loam. 

3.0 

m 

88.0 

115.0 

123 0 

126.0 

79.0 


47.0 

44.0 


Fine sand. 

0 5 

21 0 

35.0 

47.0 

64 0 

72.0 

42.0 

39.0 

31.0 

32.0 


Organic loam. . ... 

m 

3 0 

48 0 

93 0 

107.0 

116.0 

96.0 



41.0 



m 

5.0 

38 0 

51.0 

70 0 

81.0 

46.0 

i3E 

m 

47.0 

Aveiage.^. 

*1.3 

7.4 

28 0 

57.9 


86.6 

67.6 

s 

Q 

38.1 


The soils show a wide variation in axnmonilying powers Although the 
quontity of sand present has a marked effect upon ammonification yet the 
piedottiSnatjiig Isttor in these soils is the quantity of oigank matter present 
Those soils which had received a heavy dressing of manure are the ondk ivliich 
the most active bacterial changes. No. 12, the extra tight day, 
nevsgpioduoedover 13 mgm. of aimnoma, whereas no. l,adaytoain|beavily 
manoiod, produced 135 mgm. 
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dthes^’smter-boldiiigcqpid^iiveryl^ Wbrniitmtae 

U miiod to 20 per oent^ aimnoiiiBci^ becomes fpite $cHy ia tiho ij|j^ter 
•cdlsi but in tbe besvkr soils there is a very dight iacreeie. Tbm is a gead* 
Oil increase in anwUonificatkm as tbe water added increased up to 60 per cent. 
At this point every soil gives its maximum ammonification. The great varia* 
tion in the physic^ composition of the soils and the large number of det^ 
minations whi^ have been made would render it quite certain that maximum 
amnumification occurs in soils wUch contain water equal to 60 per cent of 
their water-holding capacity. This stated as the per cent (rf water in the 
soil would show a marked variation in the different soils, being very low in 
the case of the sand and high in the case of the organic loam. The lowest 
would be in the case of soil 17 which produced its maximum quantity of 
ammonia when it contained 18.6 per cent of water, whereas no. 22 produced 
its maximum quantity of ammonia when it contained 46.8 per cent of water, 
or the quantity of water necessary to add to these two soils is over three 
times as much in one case as it is in the other for maximum ammonification. 
This would account for the marked differences reported by various investi¬ 
gators as to the water required by ammonifying bacteria in soil. 

As the water added increases above 60 per cent there is a gradual decrease 
in ammonification. In no case is this abrupt and even in saturated soils 
there is rapid ammonification. Considering the maximum ammonia pro¬ 
duced at 60 per cent of water, the quantity produced at the other moisture 
contents is shown in figure !• 

NUnficaUm. Long before the inocess of nitrification was known to be 
due to microOiganisms the underlying principles governing the speed of the 
reaction had been investigated nationally by France, Germany and Sweden. 
Among other things, thi^ had learned that there must be a certain {uoportion 
of water, and in order that the maximum yield of nitrates be obtained this 
must be dimimahed as the soil becomes rich^ in nitrates. As eari^ as 1887 
Deheiain (6) found that the most active nitrification took place when the 
soil was allowed to become partially dry between the appHcathms of water, 
and later (7) he found that there was a rdhitionsyp between tho sgMed of 
nitrification and the moisture content of fallow soil, the nitrificaticm increas¬ 
ing with the water. Boussingault (47) taught that when soils contain as 
mudi as 60 per cent of water they lose in a few weeks the greater part of their 
idtiitM. Tide teaching gave rise to tlss genond bdM that denitrification 
wmy place toagreat extent In soils, hot recent woric has amply dcmon- 
ettnled ritat it is only under extremely atootmal conditions that t^ becomes 
an importaiit factor. For tUs reason Uteimture bearing on this fAaae of the 
nd^jed is not conridered here* 

Dchmaiii miri pmxmty (9) fotmd that the bacterial action of a soil was 
at its a rich lofi contain^ 17 per cent df water, but that it 

decimea ff dw^^toportion of water fril to 10 per omt or rose 
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HWliifibfo tes Ifdi in htxmus a snmewiutt higher proporthni ef water was 
nteMaty to retaitl edddation to any marked degree. 

Hw dtitisittia moisture content Tor nitrification, according to Deherain (7), 
Is 2S per cent. An insufficient supply of mc^ture checked both nitiificat^n 
aod idtipgen fixation. This occurred when the water had been reduced to 



Flo. 1. AvxasoB PaiCBNTii^ Off Akhoiua PaoDuciD nr Sons Rscsxvxmo Vaitxno 
Q uAimnxs oar WAixa. 

The qusadty pxodooed at (SO per cent is taken as 100; on the ordinate is given the per 
cent of amiwoia lonnedi whereat on the abscissa is given Vfmter applied as per cent of water- 

16i! ptt CMDt. Iliis, however, woidd vary with the adl, for SdiloMing (42) 
fqimd faaiteiial activity less in fioe-gain^tf toib than in Ifghtei'* coaiw-graia^ 
isQ. la 4»der that nitriicatitm be equally activa in both li||^t and heavy 
■oO* t^ laiitf fwat hav» a Ugher penentage of water than the tateux, a 
S B to tia e e id UHstuM oimteat of the saS'of 1 per cent, according to Dafeit 
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W$A MMnffT (4), bring sufficient to fxo&oce ft miarked change In the dridg* 
thm going on in the soil 

pTa|>s (13) found that the number of nitrifying organisms in ft aril irariea 
irith moiature and that their activity is periodic^ rafdd nitrification bring 
{Weeded and followed by periods of less actMty* Latet he (14) found nitri* 
fication to be at its height in soil containing 55.6 per cent of its water-holding 
capacity. An excessive quantity of water practically stopped nitrification and 
was much more injurious than too small a quantity. The water reqidrementSi 
however, varied considerably with the soil. 

Coleman's work (3) with a loam soil showed nitrification to be most active 
when the soil contained 16 per cent of water. It was greatly retarded when 
the water content was reduced to 10 per cent or increased to 26 per cent. 
Not only nitrification but ammonification is dependent upon the moisture 
content of the soil. However, Lipman and Brown (32) found that ammoni¬ 
fication in a loam soil increased with an increased water content even up to 
35 per cent of the weight of the soil, but nitrification was most active in the 
same soil with a moisture content of 15 per cent, was only slightly less active 
with 10 per cent of moisture, and was still quite marked when the soil con¬ 
tained only 5 per cent of moisture. They found the greatest formation of 
nitrates to occur in soils when they were 50 per cent saturated with water. 
However, later Lipman, Brown and Owen (33) found ammonification to 
increase as the water added increased up to a certain percentage, which 
varied with the physical nature of the soil; but larger quantities of water 
reduced the ammonia recovered. Moreover, the work clearly demonstrates 
that the optimum moisture content for maximum ammonification is higher 
than it is for marimum nitrification. 

Engberding (10) considered that the moisture content of a soil had a greater 
influence on numbers than did temperature, and the work of King and Dory- 
land (27) clearly indicates that excessive soil moisture reduces both the num¬ 
ber and the activity of soil bacteria. 

Patterson and Scott’s work (40) is interesting in that they found nitrifica¬ 
tion to be inactive in sand and clay soils which still contained about three 
times as much moisture as in their average air-dry condition. At the lower 
limits of moisture less water starts nitrification in sand than in day. At the 
h i g h er limits of moisture less water stops nitrification in sand than in day, 
while the optimtim amotmt of water probably varies for each sril. It is 
higher for clay, yet for both soils it lies within the range of from 14 to IS per 
pent A rise above the optimum amount oi water is more harmful than an 
equal M briow it 

The wofk of the Experiment Station (4$) demonstrated that the 
ft ppK cfttlon of irrigathfllt water to a sdl has a distinct benefidal,effect upon 
nte ffi catkat i ^brint grs^st where 15 inches of wat^ were^mhed when the 

to 28^ {XNatds pa aciel^i|4 

IJWMHt iaiSm mta, bowamr, «m ohtiineda yB oi^ 7J 
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bdni (of ivsler ivm applied^ resulting in 3.8 pounds of nitric nitrogoi per 
inch of water, while where 15 inches of water were applied it was 1.1 pounds 
of nitric nitrogen per inch of water ap^^ied, and when 25 inches of water were 
applied to the soil the nitric nitrogen produced was only 0.7 po\md. 

MUnter and Robson (38) found that bom meal decomposed more rapidly 
in dry, sandy soil than in clay or loam, while with a higher moisture con¬ 
tent there was little difference. Ammonium-sulfate transformation increased 
with a higher water content. The best nitrate formation from horn meal 
occurred in sandy soils. In clay and loam it was best with a medium water 
content. Sharp (44) found tl^t the water content most favorable for 
ammonification was not the optimum condition for nitrification. The former 
was most rapid with a 25 per cent water content and was not markedly 
affected by 3 per cent differences. Nitrification was at its maximum when 
the soil contahied 19 per cent of water. When it was increased to 25 per 
cent, the rate of nitrification was decreased 50 per cent. 

McBeth and Smith (36) found a slight variation in the bacterial number 
and nitrifying power of soils, depending upon the moisture content. How¬ 
ever, Gainey (15) considers that among the factors controlling the bacterial 
activity of a soil the available moisture probably plays a leading part. But 
we (19) have reported results which indicate that the nitrous-nitrogen con¬ 
tent of a soil is independent of the irrigation water applied up to 37.5 inches 
a year. Results recently published from the Utah Experiment Station (17) 
clearly demonstrate that the influence exerted by water upon ammonifying, 
nitrifying, and nitrogen-fixing activities of the soil vanes greatly with the 
organic matter in the soil and is much more marked in effect on soils recently 
manured than on those which have received no manure. 

However, in tests of soil receiving varying quantities of water in the field 
(20) no increase of nitric-nitrogen accumulation or increased nitrification 
was noted, as is seen from the following: 


TMXATWUn 

KinucKnnto- 

OXN IN SOIL i 

KimnUB KITIO' 
OXN IN BOIL 

NITITVYINO 

POWXI8 

.L 

No water. 

p*t cent 

100 

48 

51 

43 

percent 

100 

US 

62 

115 

percent 

100 

98 

96 

98 

1S.0 mches. 

25.0i]ich«i.. 

37Jiiiehe,... 



The decrease in nitric nitrogen may be due to a number of factors: (1) 
washing out by the water, (2) increased plant growth and hence the use of 
more nitrates^ (3) increased bacterial acti^y which would transfonn^tmtes 
mto proteins* 7^ figures In the third column would indicate tjiat altlumi^ 
addition of water to a soil changes its ifitritfyiiig powm it is not petn^ 

The ssme set of soSs used in the previous section to determine tte kfluenoe 
of water on the ammonifying power was used to study the nitrifying power* 
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igtoing detaminatiomt. 

3 he soils show «' wide wriahkm In their nki^dag power, yto all aw 4 pi^ 

ae^, as would he opected of them siaoetoey are wdlsiqjplied with potaa- 
•torn, phoqdiorus, aad other elemats essential to baetorial growth, with tiie 
tooptum of nitrog^ Hub clement in the case of the unmanuted sdb 
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10 

per cent 

20 

pereent 

SO 

per 6Mit 

40 

percept 

50 

pereeat 

00 

per cent 

70 

per cent 

80 

per cent 

1 

Oxylom . 

rngm* 

10.2 

mtm, 

16.5 

28.0 

60,5 

eMw. 

65.2 

iafm. 

85.3 

MIW. 

7.5 

MfW. 

4.0 

2 

Clay kMA. 

0.4 

7.8 

21.5 

32.0 

38.0 

17.5 

0.8 

1.2 

3 

clay loam. 

1.0 

3.9 

10.8 

58.0 

92.3 

76.4 

2.4 

2.2 

4 

Sand loam. 

3.6 

6.1 

20.7 

26.0 

81.1 

94.1 

7.4 

4.6 

5 

lil^t aand loam. 

3.7 

■SI 

11.7 

21.9 

51.6 

20.0 

15.7 

3.1 

e 

day loam. 

2.9 

IS 

10.0 

34.7 

77.5 

105.2 

38.1 

. 2.9 

7 

Paaty loam. 

0.0 

En 

5,5 

31.9 

72.2 

142.7 

36.9 

3.7 

8 

Silt loam. 

6.5 

11.2 

25.0 

67.8 

89.7 

73.8 

11.6 

2.4 

9 

Black bam. 

3.5 

5.0 

12.0 

27.2 

45.8 

52.4 

49.9 

7.1 

10 

Very tlg^t day. 


8.4 

14.1 

60.1 

59.4 

99.7 

40.2 

4.0 

11 

Silt loam... 


9.2 

34.0 

59.9 

60.4 

61.5 

27.0 

2.2 

12 

Extra tight day. 

10.9 

11.6 

11.8 

11.7 

12.3 

3.0 

3.0 

3.7 

13 

IVenton fins loam. 

12.1 

18.4 

39.2 

60.3 

79.4 

65.9 

29.8 

13.8 

14 

Floe lilt bun. 

23.9 

24.5 

27.7 

28.9 

39.2 

121.4 

57.4 

18 1 

15 

X4ght aandy bam. 

17.0 

25.2 

25.5 

25.7 

26 4 

20.3 

19.2 

18.3 

16 

Medium uad bam. 

0.7 

2.2 

10.6 

16.8 

29.2 

101.6 

90.4 

2 5 

17 

Sand. 

2.8 

3.8 

■ fij 


6.8 

3.6 

2.4 

2.1 

18 

Ii|^t mountain bam... 


13.3 

w9i!| 

RQ 

53.8 

26.1 

2.5 

2.3 

19 

Looae, Ui^t mountain 
bam. 

H 

8.9 

m 


24.0 

25.0 

6.0 

4.3 

20 

Fine tand. 

6.0 

5.6 



4.3 

3.5 

3.6 

3.6 

21 

Organb bam. 

3.8 

6.9 

18.7 

60.7 

56.0 

56.7 


9.4 

22 

White day bam. 

8.5 

13.2 

12.7 

42.7 

20.6 

6.1 


6.0 

Avtiage. 

B1 

m 



49.3 

57'.4 

22*7 

S.5 
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iow« AS cotttilii bu!|^ <]uaiitities of cftldutti cftiboitttte. 

At ioi im«ge> thoie bo&b itiiich showed a low atomonifying power also ididw h 
coiiqp«cativ% low nitrifying power. It is intaestfaig to note that idtrifica^ 
tkiH ii oongMl^ active with the 10 per tent el water than Is 

'Bmim, thwa^ditiem of water to the so^ 

* ii etolft l p : - tpuBiti^ of idBdc tdiwgtt afffnmi^^ 

aim wfth InatosiaK w«ttt to a tortaih poin^ yft 'tt 
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k 

If nyoili wm pn o ftO i m ocd in some rals than in othen. Aboat lutU tlM 
bbQi (wdiice anirimnna quantities of nitric nitrogen at 50 per cent aitui*^ 
tioiiy whereas the others produce inost at 60 per cent* This probaldy mdi* 
cates that optimum moisture for Twa^yimiiTw nitrihcation in soils lies some** 
where between 50 and 60 per cent of saturation, thus indicating, as has been 



Fzo. 2. Avssaox PERCisNTACuct ov NxTRic Nxisooxn Produced zn Soil Receiving Various 

QUANTITfES OF WATER 

The quantity produced at 60 per cent is taken as 100; on the ordii^te Is c^en the per 
cent of nitric idtiogea fonned, whereas on the abipuea is given water applied as per cent of 
wata^hekhng a^Mdty. 


the finding of many other workers, that the optimum moisture content of 
iml for best nitrification is smnewhat lower than is required for optiimim 
ammonification. When this is considered from the viewpoint of water^-hcdd* 
iug cipadty the vesultsare remarkabj^y unifonn as compared with the results 

soiLiemMa, vea a. NO. S 
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by Bwft pf 

HnH dii wofff h to oiiiitao f rfft* iho itiodlpaiBitiif 

«MlMi4NldiBg CI|«I% ol tte Md aet fMB it! paiieewttc* to the Mi. 
11m Mwece iMoto «• ghiee fi^ilikdly to ifOK 3. 

Whea toe imtor oonteat of toe aei emedt iiO per «ent than j» » apM 
Jw«—« to toe totriototragen content. AH eofle oeaeed to aitoify aiiea 
•etmtod; it aw vny alight et toe 90 per cent ci toe aater-lioldtog ca^wd^ 
end to meat aoHa leaa nitric nitrogen ww piodnoed where toe water ooiMcnt 
WM 80 per cent of caturatien than where it ww 10 per cent 

It ia totereattog to note toe uniform oorrdation tetween awmomficatjoB 
and nitcificatiim. Kaamining toe reauito to taUea 4 and 5 we find that where- 
ewer anuaenification ia lu(^ at 70 per cent aatnration than it is at 50 per 
cant toe optimum for nitrification in that ami is at 60 per cent of the water* 
holding c^wcity and omversdy, wherever ammonification ia higher at 50 
per cent than it h at 70 per cent, the optimum moisture for maximum aitri* 
ficatom b at 50 per cent. 

nm-nxMcx or watex on nhsooen fixahon 

AaoMorlar are very reabtant to drying; they may be dried for a oonnder- 
•Ue tone ia a desiccator over sulfuric add. Pure cultures are just w resbt- 
ant to drying w are mixed cultures (25). Thb would vary somewhat with 
the medb in uhkh the bacteria are dried, for the survival of non-q»re-form- 
tog bacteria in air-toy soil b due in part to the retention by the ac^ id mms* 
tare to the hygrosocgMc form. Thb however, b not the o^y factor, for the 
longevity of bacteria in a sdUd b not directly proportional to its grain size and 
hygroaooiMC mdsture. <^tncr and Laagworth (16) found that bacteria 
lesbtod deaecation longer in a rich day loam than in sand. Furthermore, 
if bacteria are suspended in the extract from a rich day loam before bdng 
subjected to desiccation in sand they live longer than if subjected to desaica- 
tion after suqrension in a physiolo^cal salt solution. Because of thb th^ 
consider that soib contain substances which have a protective influence vqpon 
bacteria subjected to desiccation. 

L^iman and Burgess (30) have found that many sdb manifest a vigorous 
aitiogea-fidng pown even after being ab*dried and kqpt in sUg^rered museum 
bottles for peri^ varying from 5 to 20 years. In some cases the fixation 
wwequalfyw high w to fireahly-oollected samples. The organisms from such 
sofls ate mow easHy attantuated than are other oiganiams which have mt 
baw ao dried (50). ThetendenQrbforsoibgnduaUytodeehnetoiiitmgen* 
fixtog powor on dqdng. TUs may nuudfeat itself w eaify w the second 

ItontofSllilMtoda of drying the otgaafama are inactive w toagr neqube 
MiMitti For taudittiM i ’ ^^****^ 4 

4Mhdiit Millit is nsnjHtods W wm W d (4S) fomid spiisspft 



iHitUMKii or itmnBiB m warn. BAsmu 

WlMitwttbeloirtOi^efw^^ 

M Md fa some mm thmt wm & (kdded 1 m ^ iiilh)«0it 

ffafa i d CM) iVoMd sofl uMi viiyfag wrimmt oMent fa tfaiid far mmt 
tfai0 Md then faocofafad it into minnifa ootutioim ind obtafaed Maimua 
Cfailfan fa tte lofls Mtaiiifag fUrty 811 ^ IrOfar^how- 

«f«r, ho doddod that soil should be da&ip-4Hit not wet-«nd wdlaenfad 
far fa ia riom m nitrogen fixation. The water requirements vary with different 
aafia* As a general rule the higher tl^ humus content of the soil die more 
water will be required for optimum nitrogen fixation (29). The quantity of 
water present may, however, become so great that it may kill all AMoMm^r 
fa additkn to stopping nitrogen fixation (11). 

An insufiicient supply of moisture checks both nitrification and nitrogen 
fixation (8). This occurs in some soils when the water content has been 
reduced to 16.5 per cent. This again varies with the soil, for Schloesing (42) 
found bacterial activity less in fine-grained soils than in Hghter, coarse-grained 
soib. A difference in moisture content of 1 per cent, according to Defert 
and Bollinger (4), is sufficient to produce a marked change in the oxidation 
going on in the soil. 

The moisture requirement of the nitrogen-fixing bacteria, according to 
Lipman and Sharp (31) is more nearly that of the ammonifying than of nitri¬ 
fying organisms. In a sandy loam it was found to vary between 20 and 24 
per emit of moisture in the soil. At the higher percentages of moisture up to 
24 per cent the anaerobic nitrogen fixers are most active, but the action of 
the aerobes is slightly depressed. Thus, in many soils two maxima of nitro¬ 
gen fixation occur, depending upon whether the conditions are favorable for 
the anaerobic or aerobic organisms. 

Traaen’s results (46) differ from Lipman’s in showing only the one maxi¬ 
mum, as is seen from the following which gives the milligrains of nitrogen 
fixed in 100 gm. of soil. 
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5 

10 

17.S 

2S 

10 

•c. 

WfM. 

MfW. 

IMfM. 

mm 

OHiPk 

U 

0.1 

1.5 

U.2 

13 4 

5.4 

25 

U9 

1 0 

13 2 

16.6 

15.5 


He used a loam soil with a maximum wa^ capacity of 27.4 per cent. It is 
qirile evident from his statement that anaerobic organisms pbyed a prom- 
imt part fa the fixation at the higher mobtnre contents. ^ 

Since the cmhtAxydmtm disaipeared xmuch more rapidly fa the sods oon- 
faihfag the gseater quantities of water* it is ^dte poasifaie that greater quaih 
titise of* ntoegen per gram of cariiohydsafa c oM in ed are fixed wheie the 
emettfa qpwfatitks of water aae apfcil i^ This* together with the difiereot 












0100 ^ 16 $ uiM by the irvtnJ fa^^eiljgMo^ Mold ittplain the ai^eiintdb^ 
ttijtacyifttlieit]:^ 

In a aeiies of pot ojperimmts in wbkh a cakAKons loam rooeMng variote 
Motmts of mtat vm uaed tlia author (17) foiund the moiituit content for 
nwOrimiun nitrogim fixatkm to lie betmen 15 and 22 per cent. Theie feOidts 
also brought out the two tnatima whkh were firtt noted by L^pman. These 
soils were at the various moisture contents for four months. All were 
then incubated at 28^C. for 21 days with a moisture content of 20 per cent. 
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12 5 

100 

15 0 

108 

17 5 

102 

200 

104 

22 5 

108 


In this soil the optimum for the aerobes would appear to be at 17.5 per* 
cent and that for the anaerobes 22.5 per cent or higher. 

When too large a quantity of water is applied there is a tendency to depress 
the total nitrogen as is illustrated by the following results in which 
various quantities of water were applied to a soil throughout the year under 
field conditions (20). 

37.5 inches of water applied during summer; 14 mgm. of nitrogen fixed m 100 gm. 
of soil 

25.0 inches of water applied during summer; 2.1 mgm. of nitrogen fixed in 100 gm. 
of soil 

15*0 inches of water applied during summer; 8.5 mgm. of nitrogen fixed in 100 gm. 
of soil 

No water applied during summer; 3.5 mgm. of nitrogen fixed in 100 gm. of soil 

The maximum for anaerobic conditions does not appear in these results 
probably because the soil did not become filled with water, since under field 
conditions the water rapidly drains away or is evaporated. 

The same 22 soils as were used in the ammonifying and nitrification tests 
were used to study the influence of water on nitrogen fijpition. The moisture 
was kept at 10, 2i), 30, 40, 50, 60, 70, 80, 90 and 100 per cent of the water- 
holding capacity and the results as given in table 6 are the average of six or 
Mm doedy agreeing detaminatiofns. 

Tliere is a wide variation in the rnttogen-^ring powers of the soil. Some 
are very active, as for instaihbe no. 7, the peaty lom, andno. 21, theoigairic 
kttm. in teoUfy it wouM appear dmt the sefik of this seiies with tim gieate^^ 
quiiitHy matter are most active as nitrogen fixme. One Mil, no. 

Xt, die 0mm doy kam, hiet nitrogen with eadk oom^entmtion of Witer. 
tUslilwl^otmly trueiniAeidzty detemlm Vfy« 
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father ASlttf ao.. 4> 6» S, 18 and 19» loi^ nitrogen with some concentrattons of 
water and gained with the other concentrations. It is interesting to note 
that the lees is uaually at the lower water contents^ whereas at higher water 
Cfnitents there is a gain of nitrogen. This gain iisu^y appears when tfiongh 
water has been added to produce anaerobic conditions in the soil. From this 
one must conclude that the anaerobes are the principal aeofiers in these 
soils. Only one soil (no. 16) fixed nitrogen with a low water content and lost 

TABLE 6 

NUtogm fixed in 100 pn, of soil nuUnlained at various moisture contents expressed in per cent 
of VHUer-holdini capacity 


HxntooxM rncxD 



mm) Of lou. 

10 per 
cent 

20 per 
cent 

30 per 
cent 

40 per 
cent 

50 per 
cent 

60 per 
cent 


80 per 
cent 

90 per 
cent 

too per 
cent 

•1 

Clay loam. 

mfM. 

2.4 

iSP 

mgm, 

7 8 

II 

msHt. 

2.8 

msm. 

7 5 

msm. 

4 2 

mcm, 

5 9 

m 

Hr 

2 

Clay loam. 

6 7 


3 9 


11.5 

‘10.3 

5.9 

3.5 


BS 

3 

Tight clay loam.. 

4.2 


13.7 


9.2 

10.0 

12.6 

8 9 


Kd 

4 

Sand loam. 

-8 9 


-6.1 


-2.1 

8 1 

10 0 

12.0 


BZj 

5 

Light sand loam. 

1 9 


6 7 

3.8 

2 2 

4 9 

3 9 

12 9 

3.6 

-1.1 

6 

Clay loam. 

3.1 

-3 0 

-2.2 

0 2 

-0 3 

1.2 

8 4 

3 9 

-1 4 

-2.1 

7 

Peaty loam. 

9.8 

-3.5 

-9 8 

-3 9 

0 0 

■mti 

17 7 

19.6 

10.9 

2.6 

8 

SUt loam. 

-12.2 

-19.1 

-15 1 

-14 8 

-5 7 

-7.3 

-1.4 

2 2 

-4 0 

-16.9 

9 

Black loam. 

0 1 

2 1 


-6 8 

-0 2 

KE 

3.0 

3.0 

1 4 

2.1 

10 

Very tight clay.. 

3 7 

2.2 

3 4 

0 5 

2 5 

6 9 

3.5 

5.9 

5 6 

6.8 

11 

Silt loam. 

4.6 

4 7 

-0.1 

0 5 

3 5 

8 1 

4 2 

8.7 

6.0 

2.6 

12 

Extra tight clay. 

3 9 

0 8 

It 

-0 5 

1 3 

5 2 

2 4 

4 8 

4.2 

5.6 

13 

Trenton fine loam 

2 1 

3 0 

5.5 

5 6 

8 2 

16 8 

16 8 

4.6 

6.8 

5.6 

14 

Fine silt loam... 

9 1 

10 8 

9 1 

1 4 

7.2 

5.3 

7.7 

1.4 

3.5 

‘ 4.4 

15 

Light sandy loam 

7.3 

9 2 

4 4 

5 8 

11 0 

9 5 

13.7 

5 6 

5.8 

6.6 

16 

Medium sand 
loam. 

3 5 

3 8 

42 

5 6 

1.4 

0.2 

5.6 


-7.5 

-6.3 

17 

Sand. 

■E 

4 2 

0.8 

0.3 

1 4 

1.1 

0.3 

2.1 

1.4 

2.3 

18 

Light mountain 
loam. 

-7.8 

-2.0 

1.1 

1 

• 3 6 

3.4 

' 5.3 

9 5 

14.2 

1.5 

2.4 

19 

Loose light moun¬ 
tain loam... 



-1.7 

-2 1 

Bi 

7.6 

8.0 

3.9 

l.l 


20 

Fine sand. 

■1 


3.9 

3.8 

8.9 

11.5 

9.6 

9.8 

7.1 


21 

Organic loam... 

10.1 

EX 

9.5 

12.6 

6.2 

-0.7 

16.4 

16.1 



22 

White day loam' 

-3.5 

BE 

-0 4 

-1.4 

0.4 

-1.0 

-2.2 

-2.8 

-0.3 



with a high content. It is interesting note that the mere changing of the 
water content of a soil changes it from one which is gaining nitrogen to one* 
which is losmg. This loss usually occurs under aerol^ and not gnaerobic 
cw^fitions as is usuaUy considered lequMte for deidtii^ The question 
adscs^-^Can it be assodatedf with the mpid burning out of the 
oigaak matter of the soil which is so characteristic some arid soils? TUs 
bihig the caro the question arises as to q»ecific organismB whidi bdng 
about the change. 
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^ ilHi «lKMr • inadiaiHA fiasliaB fcv * ipHie 4^^ Wn 

tg«i^,vtriMiiidel|ri^tlw faaiiiycMwtiwtiwaB ihwai^^ 
<Hlie<newlMB tlw inter «QBt«nti» from 40 to 40 per cant) tlM6 0 tli<r lAm 
it fr TO te 100 pa* tint Tlifr frm<Iafid9tei^dmttitetirogroiq«of<HiM»« 
inn->in (Jw first cue to tin tieratM and k fibs seoond to the sBoambn. 
Ifre avenge ibr aU aoSs dM«m a maiinwim sfitroga fintfan irhea the aoila 
wM»rajn 70 per cent el their mter«holding ciq;»oity. IW average results^ 
oonaidning that containing 70 pet cnt of water as 100 per cent, are shown 
gnqkically k figure 3. 
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. VfkOit Mib dtow a km fisatioa at tbe fiiat Ihvee antar ana- 

toiti md ^ ioimgfS practically tha same with 1(^ 20, 30 and 40 pnr ocat 
al llha w)M«f4iQ^diBg capacity. A-few aoils &k lair quantities of nitraam with 
eailjr 10 per cent of water. The tuition at 90 and 100 per cent is unifomly 
Um, but the very few that show a loss of nitrogen at these water contents 
woidd make it appear that water does not lavor denitrification in these soils. 

smumonsHip between amkonhicatiqn, NinmcAiioN, and Nxmocoii 

roCAlION 


The comparative results for ammonification, nitrification, and nitrogos 
fixation are shown graphically in figure 4. 
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Qa As esdbils k #v«i the per cent kirwsw of Ihs ngpective itfietaiiccs sad ea the 
IMsmi me el water applied as per Ml el wateimoldiiig cepedty 










|!tli0 pcjat «t itiiMk suudnum fw$ iifti liMi« i^km «• IM 

|iir nut Both ftiwnomfeation and idtcifitmtkiat m $i dsfir xmfAami ik , 
to theie moltii wfaeo the toil coatoixis tjO per of the witeo* 
hoUieg capacity. However, tibe individual results showed that it is between 
SO and 60 for dtiification and 60 for ammoni&atioii. 

Only one maximum appears in the average results for nitrogen fixation. 
This is at 70 per cent and probably favors anaerobic in place of aerobic bao 
terial activity. 

The nitrogen*fixing bacteria do not respond in activity to different water 
treatments as readily as do the other bacteria. This is probably due to the 
heterogenous groi^ of organisms which bring about this change in counter- 
distinction to the homogenous group bringing about nitrification. Eighty 
per cent of the water-holding capacity reduces nitrogen fixation to 90.4 per 
cent, ammonification to 56.1 per cent, and nitrification to 9.6 per cent. 

BACTERIAL ACUVITY VS. CROP PRODUCHON 

The optimum moisture content for nitrification is not far from the opti¬ 
mum for field crops in general. WoUny (52) placed this at from 60 to 80 per 
cent of the water-holding capacity of the soil. Mayer (35) placed the opti- 

TABLE 7 


Wokr^kolding capacUy of soUs at which maximum crops were obtained 


mvimaATCML 

OOP 

PBR CBNT OP WATSS'BOIOVO CAPACm 
AT WHlCa UAXnCUlC YIELD 

WAS OBTAimCD 

Harris and Mau^iah (23}. 

Wheat 

60 

Harris (22). 

Alfalfa 

60 

Fittbog^ (12) . 

Oats 

60^ 

Hdlriegd (24). 

Barley 

60 

Schroeder. 

Barley 

40-60 

Dassenski (5). 

Potatoes 

Better at 58 than at 33 

von Sellhorst (43). 

Oats 

64-74 

Klessribach (26). 

Com 

60 

Macickcr (34). 

White mustard 

60 

. 

Potatoes 

Better at 80 than at 58 or 33 

Obkner (39). 

Wheat < 

Better at 70 than at 45 


mum asoisture content of wheat at 80 per cent of the water-hcdding capacity 
wf the scfil, rye at 75 per cent, baxhy at 75 per cent, and oats at 85 to 90 per 
cent 

Hbibsver, the majority of invest^tors place the optimum moisture f<»r 
tnaaimum production with most plants at from 60 to 70 per cent, as may be 
fimm the smnmariaed results in table 7. 

The cSff^tet methods used by the several investigators would account ia 
rnfpisum Idr Urn vmiadon k ^ 13ioae by 
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wm^ <9btfdlied by the eame method as was used in the bacteriological 
ia» a st| ga tioi>at These, taken in connection with those of the other invest^- 
Soit, Indicate that there is a dose* correlation between the metabolism of the 
beo e fci al bacteria and oi the higher {^ants in so far as thdr water require* 
ments are concerned. 


OlHSa SOIL CON8TAMTS AND THEIR RELATIONSHIP TO BACIERIAL ACTT V ITTES 

The moistiu*e equivalents of the various soils were determined by the 
method of BHggs and McLane (1). These, together with the per cent at 
water necessary for maximum ammonification, are given in table 8. 

TABLE 8 


Moisture ^quivaletU of soils and per cenl of moisture for maximum ammonificoHon 


BAVnS 

innoxE 

IMBSaUPTXOK 

MOItmiB 

XQinVA- 

LENT 

HYDRO¬ 
SCOPIC 00- 
BVPICIXNT 

PXRCXHT 

UOI8TURX 

rORAlOiOH- 

mCATlOM 

at 

oa 

17 

Sand. 

3 32 

0 39 

18 6 

1 807 

15 40 

20 

Fine sand. 

5 08 

1 15 

19 8 

1 417 

6.26 

15 

light sandy loam. 

11 38 

3 61 

26 4 

1 213 

3 82 

18 

Light mountain loam. 

20 46 

4 70 

30 6 

0.880 

3.83 

13 

Trenton fine loam. 

21 75 

3 61 


0 828 

4.99 

5 

Light sand loam. 

23 12 


31 8 

0 830 


11 

Silt loam. 

25 54 

4 82 

33 6 

0 822 

4.36 

19 

Loose light mountain loam. 

18.32 

4 91 

33.6 

1.146 

4.28 

6 

Clay lomn. 

29.18 


34.2 

0.740 


9 

Black loam. 

31.47 

6 0t> 

35 4 

0 725 

3.76 

16 1 

Medium sand loam . 

29.36 

5 92 

36 0 

0 797 

3 95 

10 

Very tight clay. 

39.02 

5 57 

36 6 

0.615 

4 32 

12 j 

Extra tight clay. 

45.15 

7 77 

36 6 


3.09 

2 ! 

Clay loam. 

20.65 

3 78 

36 6 

1.162 

6.35 

4 

Sand loam. 

28.14 

4.39 

37 2 

0.874 

5.64 

3 

Tight clay loam. 

28 33 

4 42 

39 0 


5.97 

1 

Clay loam. 

23 35 

4 24 

40 8 


6.65 

7 

Peaty loam. 

32 41 

6 55 

44 4 


4.86 

8 

Silt loam . 

30.78 

6 66 

46 2 


5.04 

14 

Fine silt bai%,. 

35 45 

7.83 

46.8 


4.37 

21 

Organic loam. 

34.02 

9.94 

46.8 

1 005 

3.44 

22 

White day loam. 

27.20 

8 00 

46.8 

1.257 

4 28 


According to Briggs the moisture*holding capadty, the wilting coefficient, 
the moisture equivalent and the hygroscoj^ coeffident are'^rdated by linear 
equations thus: 

C-2.9W+2L 
c-1.57e+2L 
4.26k+21. 

Where c is written for the moisture oqmdty as defined by IBlgard, w for wilt* 
big cadBcknt, e for moisture equivalent, and A for hygroscopic coeffident. 
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cdm oanMMi be idsM to tfaim cMMatttt fegr > iindw 

•at of equathma. 

1 

If. -12.6 

«« si c + 12.6, whence at 

» 

« otw + 12.6, whence 0% 

Jf, - 12.6 

w 


jkr.~ 12.6 

Ifg «B Of + 12.6, whence at 

k 


Writing for the per cent d wator for marimiim ammonification and 
Oif Oi, and a$ constantSi calculated these become (h » 0*942, a$ - 1.74 and 
at 2J55; that is the moisture requimoent for maximum ammonification 
may be obtained from any of the sc^ constants by the foUoiring equations: 

K - 0.6c 
if, - 0.942 e + 12.6 
Jf.-1.74tc +12.6 
Jf»«2.55il +12.6 

Ot as given in table 8 and calculated from the moisture equivalent, varies 
from 0.615 to 1.807 with a mean of 0.992. The irregular variation of ai, as 
determined from the moisture equivalent, makes it appear evident that the 
rdationship between the moisture equivalent and moisture requirements for 
maximum ammonification is not as well defined as is the relationship between 
water-holding capacity and water requirements for maximum ammonification. 

The value of oi as calculated from the determined hygroscopic mdsture 
varies from 3.09 to 15.4 with a mean of 5.24, thus giving results invariably 
hi|^ than those obtained by calculating from the Briggs fonxuala, 

Tlie relationship between the moisture equivalent and the per cent of 
mdsture for maximum nitrification is shown in table 9. 

A set of equations similar to those written for ammonificatkm may be 
written for nitrificatkm thus, in which the optimum moisture for maximum 
nitrification is taken at 0.55: 

. Mn- tiJS 

if® “ 0 i e + 11J55, whence oi »-j- 

. Jf. - UJ5 

» mtp + IIJS, wbienee at «-jj- 

^ ai* + m5| i rin t me 



atmnMOB or icoi^mk m mb, baobmu ms 

If, 

OtfniMdt tbrncoaMute became m • aSS25, at « 1.472 end m « 2.143. 
Hwnim^ the mebtatt lecjiikeniente for nitrification may be 

o bt iii ied front any of the soil constants by the following equathms: 

3f, - 0.55 c 
Jf„ - 0.8525 e + 11.55 
Jf. - 1.472 tt + 11.55 
Ifa-i 2.1634 +11.55 

at as determined from the moisture equivalent varies from 0.396 to 1.208 with 
a mean of 0.806. This shows a much wider variation from the moisture 
equivalent than from the marimum water-bidding capacity. 

TABLE > 


iiebUtn ijaMml of toils and pot cent of moiihmfor maxtmam nMjUMoa 


•UHUB 

mumbu 

DBtcumoir 

MOnTtJtX 

tQinvAiaMT 

nt cm 
omoisToat 
rot 

luxiinm 

mnufiCA- 

Tioir 

ai 

17 

Saad. 



0.873 

20 

Bine sand. 



1 023 

19 

Loose light mountain loam... 

18 32 

33 6 

1.147 

15 

Light sandy loam.. 

11.38 

22.0 

0.826 

18 

Ijght mountfi-ip . . 

20 46 

25.5 

0.630 

13 

Traiton fine loam. 

21.75 

' 25 5 

0 593 

5 

Li^t sand loam. 

23 12 

26 5 

0.601 

11 

Silt loam.. 

25 54 

33.6 

0.822 

6 

Clay loam... 

29.18 

34.2 

0.749 

9 

Black .... 

31.47 

35.4 

0.725 

16 

sand ^oam... *..... 

29.36 

36.0' 

0.797 

10 

Very tight clay.... 

39 02 

36.6 

0.615 

12 

2 

Extra tight clay. 

45.15 

30.5 

0.396 

day ImiTw. 

20.65 

30.5 

0.M7 

4 

.Qmftrf loam. T -1 -,, T , -. . .. 

28.14 

37.2 

0.876 

3 

Tiidit clay loaMi. 

28.33 

32.5 

0.702 

1 

day loam. 

23.35 

40.8 

1.208 

0.981 

7 

Peaty i^yw. 

32.41 

44.4 

s 

Inaatw.^ y, ..... . 

30.78 

38.5 

0.965 

14 

Fine aUt Wni.. 

35.45 

46.8 

0.965 

21 

Dmiiic loam. ... 

34.02 

46.8 

1.005 

22 

Vifliite day lof-ym . .. 

37.20 

^ 31.2 

■SEi3I 

. ..*- 


.Sfanikr eqmuioiis may be written for nitrogw fiaation in which we jfind the 
va^ of Oi - 1.044, et - 1.947 and sg - 2.848. That is, the moisture 
nquitaneats foe maximum aaofication may beohtained from any of thesidl 
ooMtants by the foBowing equatkms: 
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ir»- 1.049 f + 14.7 
Jf'tt- 1.947 V+ 14.7 
if. >> 2.848 4+ 14.7 

i 

StnOLUtY 

The influoice of water upon the bacterial activities of 22 soils were studied 
They rq)resent the typical ffuming lands of Cache Val]e 3 r--dry land, irrigated, 
manured and unmanured. They range all the way from a loose sand to a 
very tight day and from soils nearly devoid of organic matter to others very 
rich in organic material. Their moisture-holding capacity varied from 31 to 
78 per cent and was dosely correlated with the quantity of clay and organic 
material. Their moisture equivalent varied from 3.32 to 45.15 and the wilt¬ 
ing coeffident, as calculated from the moisture equivalent, from 1.80 to 24.54. 

Every soil gave a maximum anunonification when it contained 60 per cent 
of its water-holding capadty of water. Nitrification was at its maximum at 
50 or 60 per cent and varied with specific soils. Many of the soils showed 
two maxima for nitrogen fixation-~one at from 50 to 60 and the other from 
70 to 80. 

The average comparative resdts for ammonification, nitrification, and 
nitrogen fixation were as follows: 


n» csitT or Monruix 



10 

20 

JO 

40 

50 

60 

70 

m 

90 

100 

Ammonification. 

1 5 

8 5 

32 4 

66 9 

81 3 

100 0 

78 1 


48 5 

44 0 

Nkrificstion ... .. 

11 0 

16 9 

30 7 

61 9 

85 9 

100 0 

36 6 

9 6 



Nitioaen fixation. 

31 5 

24 7 

24 7 

27 4 

45 2 

75 3 


904 

45 2 

24.7 


Using the formula of Briggs for the moisture equivalent, and the wilting 
and hygroscopic coeffidents, we may write the following equations as rq;>re- 
senting approximately the water requirements for maximum bacterial activ¬ 
ity, where c is written for the moisture capadty as defined by Hilgard, w for 
the Wilting coefficient, a for the moisture equivalent, and A for the hygrosoi^ic 
coefficient: 

- 0.6c 

«0.942e + 12.6 
Jf* - 1.74 w + 12.6 
Jf. ••2.55 A +12.6 
I ** 0.55 c 

jr, •• 0.852Sa + 11.5S 


















WMWicsi ot iioisrais oh mm* bactbku 


m 

Jfn * 1.472 w +11.55 
Un -2.163* +11.S5 
Jfa. - 0,7 C 
M^m L049« + 14,7 
Jlf„ « 1.947 ier+ 14.7 
Jfa. - 2.848 h + 14.7 
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INTRODUCTION 

Recent experimental work dealing with the fundamental problem (A plant 
nutrition has been directed mainly to such crop plants as wheat, barley, rice, 
buckwheat and soybeans grown in water and sand cultures. The potato, an 
entirely different type of plant and one that presents a number of special 
problems, has received but httle attention. Sk^er (13) suggested a method 
for growing potato plants in water cultures, but apparently little haa 
since been done along this line. Johnston (5) called attention to some of 
the difi&culties encountered m such a study and reported some preliminary 
work on the nutrient requirement of the potato plant. It was found that 
fairly uniform sprouts could be obtained for water and sand culture studies 
from tubers planted in a bed of sawdust. These sprouts did not grow well 
in water cultures although such a medium is ideal chemically. The medium 
used in the experiments reported in the present paper was pure white quarta 
sand treated with the nutrient solutions under consideration. 

Two series of experiments were undertaken to determine the best proportion 
of salts necessaxy to produce the best growth of potato plants and the greatest 
yield of tubers. Irish Cobbler was the variety of potato used throus^ut 
these experiments. 

SERIES X 
ItUrodudory 

The abnormal growth of the potato plant in water cultures made it imprac- 
tical to carry on any extensive salt requirement studies where such a medium 
was used. Sand cultures were therdore selected for thm experiments. 
There are, however, several objections tp sand culture xxiethods as often 
pyactiiced. A change in the moisture content of the sand takes place during 
the interval between solution renewals. A constant renewal of solutionf would 
overcome this objection, but such a practice is not feasible. There is also a 
dlfferenoe in the moisture content of the shnd between the begimSng and the 
end c< tihe experiment, even vdien the cultures aie dai^r brought bach to their 
the addition As the plant grows, % part cf ihi 

m 



t0Ui imoatiy mm) at tkt b tm aitotid from te 
i|i^ to tlm plai^. Each tfroc the culture li brought \m£k to ita caciffimi 
Might, the total weight k <d course the same as the origmal total wdg^hiil 
tim sand mam k lighter aiid the plant heavw With each 8ttooeiBke<^>ert^ 
themoktoxe content ol the sand becomes teas where the fdant gafais in miijbL 
The weight of the mokture lost from the sand and not the amoont teat from 
the entire culture (plant and sand mass) k the quantity to be added at eadi 
renewal. Thk error k worth noting where plants are used whose weight 
increases greatly in proportion to the wei^t of the solution in the sand mass. 
Other changes are brought about by the sdective absorption of elements and 
ions. With these limitations in mind the sand culture method was employed 
as best suited to the conditions of the present study. 


Procedure and method of experimentation 

Potato tubers (4-oz. ske) with sprouts just beginning to develop were 
selected from a lot of home-grown Irish Cobblers and planted 3 to 4 inches 
deq> in sawdust in one of the greenhouses of the Maryland Agricultural Experi¬ 
ment Stati<m on October 8, 1919. About 7 weeks later (November 25) the 
grouts were separated from their tubers, washed in tap water and divided 
into three groups according to size and development. Group A was composed 
of f^routs with 6 to 8 leaves well developed, but not of full size, group B was 
composed of sprouts with 4 or 5 leaves well started and group C of sprouts 
with 1 or 2 leaves started or with leaves just beginning to open from their 
buds. These ^outs were then washed in dktiUed water. 

Three grouts with well developed roots, one from each group, were weighed 
and placed in a 1-gallon glazed earthenware jar containing 4500 gm. of air-dry 
sand^ and 1000 cc. of nutrient solution. The sand was then flooded by adding 
500 cc. more of the nutrient solution, thus making the final adjustment of the 
plants in the sand very ea^. Enough of the solution was thffl drawn off to 
bring the level of the water-table below the surface of the sand. The follow¬ 
ing morning more of the solution was withdrawn to reduce the total amount 
to 675 gm. There were then 675 gm. oi solution to 4500 gm. of air-dry sand, 
or 15 per cent of the dry wright of the sand was the weight of the solution in 
the culture. A small collar of cotton was placed around the stem of each 
plant at the surface of the sand and a wax seal (4 parts parawax and 1 part 
white vaseline by wdght) similar to that used by Biiggs and Sbanfr; (1) was 
poured ovtr the surface of the sand at a temperature of 50* to 60^. The 
cotton served the double purpose protecting the ptgnts from the hot wax 
and providing q»ce for the transverse growth of the stems. Twenty-two 
cultures were thus prqMwed, weired and iflaoed on a rotktki; tabte sfanHat 
to that wnfdoyed ^ atmometer cmrected to the livlngstoii 

iki IM M wsihsd item k was siMwifr fM 




NimixMT KZQOiKaaiMt ot tmt votaio nm IM 

Ittfi&d qiliateti Atmometw mts opcnited oa the taUe with the coltiBes 
■lid « nuudmunMnwiimum thennometo' wu suspended in the shade beneath 

Hie method of renewiog solutions differed somewhat from those employed 
by McCall (7), McCall and Richards (8) and Shive and Martin (12). Each 
pot was provided with a glass tube, of about 4-mm. bore, extending to the 
bottom where it made a 90^ angle and ended in a funnel-shaped opening. 



Iko. U J>iAoaAx Sbowxno Ceoss-Sbctxok or Culxubx V<rt tarn Tubes toa Rjcaumvo 
AND torn WnHnxAwnfo Sottmom 

^glwMewtlimwafepot; war seal; C, iwdiiisw} Aiuppbr tuhe^^ 

A A outlet tube Iw withdmwiiig sQludons by 


IPC Mpts. temmKiii 

A «mB glaw tube was iwartcd Iron tbia htget sfwaing iato the bead «1 
fie tidie and a tuft ^ glass wed wedged in neat te the small jdece of tubfuf. 
Section was aiq>lied at the apptt end of this tube whewec the addfon wii 
dnwn off. Another [^ass tube, 2 cm. in diameter, nm tbrou^ the center d 
the sand mass to the bottom of the pot Into this tube fresh sdutioas were 
pouted. These tubes are diagcammatically represented in figure j. Sduthwa 
added at the bottom and allowed to rise thtough the sand ate likdy to distnxb 
the {dant roots less than those added at the top that flow tiddly down ovei 

TABU 1 

U^kcuht prap^Hont and parHal w hm e -m oit cu l a r coftemtirtUhns of momhoik poUuHm 
photpkak, calcium nUcaia ami magncHum stUfata foquimi ia pacdmca Zl toMotUp 
each having a caknlatoi osmaivc prvssuro of aknosphan at ZS^C. 
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1 WtflllWl 

1 

MOLBooLta wtofoanowB 

BABTm VOKiniB-IIOLaClIIJUL 
OOMCBMTBAnOlll 

j XHiPOi 

C»(NOi)t 1 

MfSOt 

KSUPOt 1 

CB(NOi)i 

MsSOi 

1 

IRiSi 

1 


mm 


0 0027 

mm 

2 

Si 

1 



0 0025 



3 

S. 

1 



00024 

0.0071 


4 

S« 

1 



0 0022 

■»gt:o:v*n 

0 0067 

5 

S« 

1 

5 


0 0022 

0 0108 

0 0043 

6 

s. 

1 

6 

1 

0 0020 

0 0122 

0 0020 

7 

RtSt 


1 

5 

0 0053 

Q0027 

0 0132 

8 

Si 



4 

0 0049 

■ifom 


9 

St 



3 

0 0047 

0 0071 

0 0071 

10 

St 



2 

0 0045 


0 0045 

11 

Si 


5 

1 

0 0041 

0 0104 

0 0021 

12 

RiSi 




0 0076 

0 0025 

0 0101 

13 

Si 




0 0072 

00048 

0 0072 

14 

St 




0 0068 


0 0045 

15 

St 



1 

0 0065 

0 0086 

0 0021 

16 

RtSi 


1 

3 


0 0025 

0 0074 

17 

Si 


2 

2 

0 0094 

0 0047 

0 0047 

18 

s« 


3 

1 

0 0090 

0 0068 

0 0022 

19 

RiSi 

5 1 

1 

2 

0 0123 

0 0024 


20 

s, 

5 

2 

1 

0 0118 

0 0047 


21 

RtSi 

6 

1 

1 

0 0145 

0 0024 

Uliiil 


the roots. At the time the solutions were renewed distilled water was firsl 
added to bring the total wdght up to the original total weight. Enougl] 
solution (500 cc.) was then added to bring the level of the water-table to thi 
surface the sand. After standing about four minutes suction was applied 
to the smaller tube and tb^ culture brought back to its origmal wei^. 

The sdutiems used those designated as type I by the Committee or 
Salt RequireipeKits of Representative Agricultural Plants.* These solutioiii 

* See iai||||^ pMpiied phns on the silt ttqv dx tmmta of teptemtathre sgricidtum 
pMti %> Snaa the chairmsa of ConuaittM oa Sslt Requheneati of Repfo 

smtatM Mhlipiitf maati, Laboratory of Phat PhyMotTW Jbhaa Hopibias Vt&omktf 
RsltMpi Wai^md. 


































ntn^am or ns potaxo njon 

nvre cQa nftp oxd dt 2t combinatkms of the thtiee salts; monolMisic potassium 
plKMidiate (EQiP 04 )i caldum idtrate (Ca(NQt)i) aiid magnesiiiai sulfate 
tMgSQO when the partial osmotic iMtssure of each varied hy equal inorements 
of one^eig^th of the total osmotic pressure. Ihe initial total osmotic pressure 
of eadh solution was approximately 1.00 atmo^here. The molecular pro¬ 
portion and the partial volume-molecular concentration ol each salt in each 
of the 21 solutions is given in table 1. An additional culture treated with 
distilled water was introduced into the series for comparison. No ferric 
|dio^>hate was added to these cultures as there was a sufficient amount of 
iron in the sand for plant use. Mth but few excq)tions, solutions were 
renewed twice a week over a period of 8 weeks. Where these exceptions 
occurred distilled water was added to bring the cultures back to their original 
weights. 

Data on transpiration, evaporation and temperature were obtained at the 
time the solutions were renewed. At the conclusion of the e]q>erimenty data 
on the relative vigor and iq>pearance of the plants, stem height, green weight 
of the plants and of the tubers and dry weight of the plants were obtained. 
Only such data are here presented as bear on the problem of selecting the 
best proportions of these three salts for good growth of the potato plant and 
its tubers. 


PresmtaHon of results 

There was considerable variation in the general vigor or health of plants 
in the same cultures. This variation was probably due in part to the fact 
that sprouts of three different sizes were planted in each pot and to the use 
of home-grown seed of this particular variety which is not nearly so uniform 
as that grown at higher altitudes or farther north. General vigor or health 
of individual plants can not very well be measured quantitatively, so a method 
of scoring as described by Free (2) was used to indicate this quality of the 
plants. Each plant was compared only with the plants of its particular group, 
as for example, all plants in group A were compared with each other. An 
illustration of th^ variation in behavior of sprouts the three sizes when 
grown in the same medium is shown in culture 5, Two plants (A and C) of 
this culture have the highest numerical score, but plant has a score next 
to the lowest. TbeoC daU, with those showing the approximate percentages 
of yellow leal arei, are presented in table 2. The greatest percentage of yellow 
leaf area occurs in culture 22 where nothing but distilled water was used. 

The total green weight of the sprouts^just before pfamting and the total 
green weigkt of {dants (tops and roots without new tubers) at the time of 
harvest are given per culture in table 3 in gnuns and in numbers rtiative to 
the average total weight of sprouts. Them qnouts when planted were not 
as unifoim as was desired, but aa examination of the ratios of final to original 
green wei|^ shows the effect of various cultural treatments to be greater 
tbffi that expected from individual variation akme. The final gremi wei|^ 
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|ir||ii^ b'jpciiiest iole ciiltm« 15 f^hfle ^hte-of ii'iiitdai,- 'iMt 

^tCl5,8«i>d9«botteViei7’good. Ifw-greitiNtiMtifeinfate (ilxn^ 

^■iwit thk is due to Jdtt lov fadtfad of ttdoittet Tfae greea w^faifai lDf 
ietir tuboe produced^ by ^ jilaats <d tfais ienes ate given fai the liet two 
oofatmns of table 3. IIk seven cultures fooducing the greatest itei^ Of 
thbetB are 5,14, 4, 6,15,13 and 8. The average wdi^ par ctdtnre of the 
entire series is 32.3 gm. 


TABU 2 

Maike Hg^ (md p0rcmkkg6 0/ ydUmU^orea im p^Mo piank of sorios / aifkoUm of Manmt 


coMpaa 

vousaa 

ifuionucA& 

•cots* Of OBinElAL viooa 

AmtomcAxt mcmAoa or txuow 
iShr AMBAt 


PIQM 

]H3HI 

■■dh 

a 

C 

1 

6 


10** 
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4 

2 

7 


13w» 

4 

2 

1 

3 

10 


10 

12 

5 

0 

4 

18 

12 

17 

6 

8 

0 

5 

21 

1 

21 

1 

25 

0 

6 

16 

9 

13* 

2 

70 

2 

1 

11 

2 

3 

25 

5 

10 

S ’ 

17 

7 

19 

15 

10 

0 

9 

20 

16 

18 

2 

2 

0 

10 

8 

16*‘ 

6 

7 

0 

1 

11 

12 

14 

10** 

1 

3 

0 

12 

3* 

7»» 

9 

10 

10 

3 

13 

18*» 

12* 

8 

7 

4 

2 

14 

15 

21 

14 

2 

2 

6 

15 

14 

19 


1 

10 

10 

16 

1 

6 

4‘» 

25 

18 

16 

17 

3* 

11 

11 

1 

12 

0 

18 

11«» 

20 

13 

1 

10 

5 

19 

5 

6 

4 

8 

8 

2 

20 

T** 

18 

1 

7 

0 

0 

21 

2 

4 . 

2 

4 

40 

0 

22 

0 

0 

0 


100 

. SO 


^ III levtfal cues plknts have the same ttumerkal score. Where such cases occur the better 
plant is indicated by tiie supeiscr^t (b) while those that are alike have the superscript (a), 
t These estimates were made by Prof* J* B. S. Norton. 


The data of table 3 are perhaps more clearly presented as graphs in figure 2. 
The qidtuie numbers are given in order along the absdssa. The first heavy 
Hue over the first six culture numbers represmits the first row of culttures in 
the triangle dipgnnn describe ^ various publica tion s* and illuitiated in 
fiifutts 4 and 5* The second heavy line over cpltmes 7 to 11^ incttmve, Is 
t;he ciaoDnd xm of cultures in tlu^ trian^^e diagram. The third heavy line ia 
m ^ ci^turei, etc,| €;uiture 21 AD 

mted (7)> Shive (U), S <totost lOd ^faner 10} and Totting <t4). 
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f)tipb$ w pktM from the relative numben in the table. In die lower half 
of the figure the fufl horizofutal line xepreaents the average green w^ght of 
iproitta at the time of pkntiiig, the broken line rqiresents the green wei|^t 
of ipronts of Individual cultures and the full irr^ular line rqires^ts the 
green weig^ of the plants (tops and roots without tubers) at the time of 
harvest Variation in weight df the sprouts is shown by the departure of 

TABLE 3 


Gnm ywgit of potato sprouts when piantod and of plants and tubers at honest with ratio ^ 
original to final green weight of plants given per culture of senes I 



XOtAL OUtSN wsion Of TLAMT 
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Original 
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Timif 


Actual 

Relative to 
average 

18 Igm 

Actual 

Relative to 
average 

18 1 gm 

onxtN 

WtXOBT 


Relative to 
average 

32 3gm 

1 

gm 

17 

0 94 

gm 

33 1 

1 

83 

1 95 

gm 

25 7 

0 80 

2 

16 

0 88 

33 5 

1 

85 

2 09 

25 0 

0 77 

3 

17 

0 94 

38 2 

2 

11 

2 25 


0 84 

4 

21 

1 16 

49 9 

2 

76 

2 38 

39 9 

1 24 

5 

21 

1 16 

52 6 

2 

91 

2 50 

43 6 

1 35 

6 

22 

1 22 

48 1 

2 

66 

2 19 

39 9 

1 24 

7 

26 

1 44 

42 2 

2 

33 

1 62 

29 2 

090 

8 

25 

1 38 

53 9 

2 

98 

2 16 

37 4 

1 16 

9 

20 

1 10 

53 7 

2 

97 

2 68 

29 3 

0 91 

10 

16 

0 88 

44 3 

2 

45 

mSm 

31 3 

0 97 

11 

18 

0 99 

45 4 

2 

51 


35 4 

1 10 

12 

16 

0 88 

32 1 

1 

77 

2 01 

23 2 

0 72 

13 

18 

0 99 

50 5 

2 

79 

2 81 

38 8 

1 20 

14 

18 

0 99 

56 7 

3 

13 

3 I? 

42 2 

i 31 

15 

20 

1 10 

57 4 

3 

17 

2 87 

39 9 

1 24 

16 

17 

0 94 

45 6 

2 

52 

2 68 

28 5 

0 88 

17 

16 

0 88 

44 3 

2 

45 

2 77 

26 7 

0 83 

18 

16 

0 88 

50 9 

2 

81 

3 18 

33 3 

1 03 

19 

16 

0 88 

38 3 

2 

12 

2 39 

32 0 

099 

20 

12 

0 66 

38 6 

2 

13 

3 22 

35 4 

1 09 

21 

15 

0 83 

35 8 

1 

98 

2 39 

27 8 

0 86 

22 

17 

094 

■ ^ - 

22 8 

1 

26 

1 34 

18 1 

056 


tlm broken line from the horizontal line. The production of tops and roots 
is greatest in culture 15 with culture 14 a dose second. •^In general as the 
position of a culture is moved from left rig^t along the heavy lines repre-, 
the culture rows the final green weight is increased. This suggests 
that either an increase in the pr<^;K>rtion of csldum nitrate or a deaease in 
the proportion of sul^te increases the green weight production. 

There aiep however, indications that a too great proportion of caldum nitrate 
or a loo proportion of magnesium sulfate decreases green wdi^ pro* 
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rlmitak llie questim w to tlw cshiim aitttte or tibe nagnciicn 

■1^ j» the oontn^ing salt wffl be ditcusacd lator. 

la the iq)i)er portioo of figure 2 gctphs of tuber jpxxhictioB (hrdrea 
aad of the ratio of final green weii^t to or%bnl green weight ct the plants 
^uU line) are shown. Three is a striking similaiity between the gn^ of 
tiibre production and that of final green weight production. With but few 
esoeptions the shapes and slq>es dl the curves are identical. The ratio gnq)h 
has the appearance of a series of rises with each succeeding rise higher thu 
the reie immediately preceding. The highest point (culture 20) as stated 



Fio. 2. Graphs of series I showing average green weight of grouts (horizontal line), 
green weights of qprouts per culture (brokoi line) and green wei|^t of plants per culture 
at harvest (full line) in lower part of figure; green weight of tubers (broto line) and ratio 
of final green weight of plants to green wd^ts of qpnmts (full line) for each culture in 
upper part of figure. 

before ia largely due to tbe low weight of these sprouts at the time of planting. 
The wei|^t of sprouts in culture 20 was farthest bdow the average forthe 
aeries wfaik that of culture 7 was highest above the average, which latter 
fact accounts for the very low drop in the upper gr^>h for culture 7. 

The stem hei|^t of eadi plant (distance from surface of wax seal to base of 
teen&ial bud) » recorded b taMe 4 The variatioii in stem hiafjbt between 
{dants of tile slme culture is considerable in several cases, but udien the 







vtraasm lusqmisiaEm:* at itt potato plant 

• ^ 

avmgos «re compared culture 8 Is found to contain the tallat plants and 22 
tlie shortest* All the plants were more or less dwarfed. The transpirational 
water loss of each culture for the Sntire period is also given in this tables as 
well as the dry weights of the plants. Before obtaining the dry weights, 
the plants were first air-dried in the greenhouse and then placed in an dectric 
vacuuM oven at a temperature of 83®C. for 24 hours. The water require^ 


TABLE 4 

Sim hdgki rf potato plants and transpirational water loss^ dry weight of plants and wakr 
requirement per culture of series I 


CULTUtX WUICBBft 

8TBM KEXOBT 

TOTAL TRAM- 
BPOLATIOK 

DRY WRiaar 
Of TOPS AMD 
ROOTS 

WATER 

RXQVXUMIIfS 

Plant ft 

Plant b 

Plante 

Averftfe 


cm. 

em. 

em. 

cm. 

gm. 

gm. 


1 

■SI 

1.0 



1234 

2,9 

425 

2 

in 

3.7 

2 0 


1109 

2.8 

396 

3 

n| 

2 2 

2.4 

3 7 

1230 . 

2.6 

473 

4 

10.1 

2 5 

3.5 

5.4 

1616 

4.0 

404 

5 

11.5 

1 2 

3.3 

5.3 

1957 

4.1 

477 

6 

9.4 

2 0 

2.5 

4 6 

1730 

3 7 

468 

7 

5.0 

2 1 

3 0 

3 4 

1144 

3.2 

3S7 

8 

9 5 

5.6 

3.0 


1437 

4.5 

319 

9 

8.5 

2.4 

5 0 

5 3 

1698 


340 

10 

8.1 

4 1 

4 5 

5.6 

1203 


287 

11 

10 3 

3 8 

3.6 

5.9 

1465 


444 

12 

4 3 

3 9 

2 1 

3 4 

905 


377 

13 

6 5 


3 0 

4.2 

1544 


441 

14 

6.4 

6 6 

2 5 

5 2 

1697 


514 

IS 

5 6 

4.4 

4.4 

4.8 

1523 

4 7 

324 

16 

3.5 

1 4 

3 3 

2 7 

890 

2 8 

318' 

17 

3 3 

2 0 

3.0 

2 8 

934 


259 

18 

6.5 



3 8 

1439 


369 

19 

3 5 



3 0 

1030 


429 

20 

3 5 


1 6 

3 2 

1201 


462 • 

21 

2.7 

4 0 

1.8 

2 8 

857 


390 

22 

1 5 

1.7 

1 5 

1 6 • 

565 

1.3 

435 

Avenuce. 

4 0 

1291 


396 


ments of these plants (transpiration per unit dry weight of plant) are given 
in the last column of the table. The mean water requirement for the entite 
series b 396 with a standard deviation of 67 ^ 6.8. 

SEaiES xc 
InProdmUfry 

The culture pots used in series 11 had a capacity of 2 gallons eadi instead 
of 1 gaBcn as in series 1. The amount <A aai^ us^ was just twice that used 
in the first series, but the same mobture content (15 per cent based on the 




















Hilgl te of iiir«<fay wad) was tldl tocimse te the ito 

tm pot m made in <Mtler to give the xwts aad tabm 
eigd to maintain a more tmtfMn mobture amteat The amomit of leHcr 
loit by traofipiratkm for a period of three or four days is rdativdy great for 
large plants. By increarir^ the total amount of solutimiand aae <tf oontahier 
Ifie percentage ct drying out is much lem than would be the case where a 
smaller container is The percentage decrease of any one ion or mdecule 
Is also much less idiere greater amounts of solution are used. These pdnts 
have been emphasised by Hoa^and (4) and deserve more attention thw has 
heretofore been given thatn. 

Procedure and method of experimentation 

The arrangement of tubes and plants in the pots was the same as that 
employed in series I. As has been stated, the amount of sand used was twice 
as great and hence the amount of solution was doubled in order to maintain 
the same moisture content as the cultures of series I. This weighed amount 
of air-dry sand was placed in each of 22 pots and then carefully washed with 
tap water and later with distilled water. The sand was then flooded with 
the solution to be used in that particular pot. 

The seed ends of 144 Westem-Maryland-grotm Irish Cobbler potatoes 
were planted in a bed of sawdust on February 12, 1920. On March 18, 
i^routs similar in size and appearance with four or five well developed 
leaves were detached from their tubers and washed in tap water and then 
in distilied water. These sprouts were planted in sand, three to a con¬ 
tainer, and the cultures treated in a manner similar to that of series I. The 
check culture, number 22, was treated somewhat diflerently, however. A 
seed piece with three sprouts the size used in the other cultures was care¬ 
fully selected. This s^ piece with its three sprouts was planted in the 
sand and treated in the same manner as the other 21 cultures with the exception 
that distilled water was used instead of a nutrient solution. 

The weight of the cultures (about 14 or 15 kilos each) made it impracticable 
to use the rotating table employed in series 1. A stone top table in the central 
part of the greenhouse was therefore used to support these cultures. To 
facilitate flooding the sand with solutions at the time the solutions were 
renewed, a liter flask containing the proper solution was placed on asmall 
sheU in front of the culture and connect^ by a siphon to the central glass 
tube in the pot. The bottom of the fla^ was raised slightly higber than the 
surface of the wax seal Such an arrangement of siphons made it possibie 
to flood all the cultures at the same time. The cultures were pennitted to 
remain in this saturated condition for several minutes before suction was 
appBed and the total wdight of each reduced to its original value. 



mmmn or mb fotaix> vum 
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Tlie thrre plants of oa^ culture in the second series were much more uni¬ 
form in ai^Maxance than those of the first series. No special scoring of rdative 
fieatth vigor was made, but measurements similar in character to those of 
the earlier series were recorded during the experiment and at the time of 
harvest (May 6} and similar tables and graphs constructed. 


TABLES 

Ormn weighi of potato sprouts when planted and of plants and tubers at harvest with ratio of 
original to final green weight of plants given per culture of series II 



TOTAL OKBM WIIOBT OT VLAXTC 


lATlO OT 
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COLtVtt 

iruionut 

Orttinal 

Final 


TUBXia 


Actual 

Relative to 
average 

25 4fm 

Actual 

Relative to 
average 

25 4gm 

OaiBN 

WSIOHT 

Actual 

Relative to 
average 
SlSgm 

1 

gm 

25 0 

0 98 

gm 

54 8 

2 

16 

1 

2 19 

gm 

48 9 

0 60 

2 

27 6 

1 09 

77 9 

3 

07 

2 82 

65 5 

0 80 

3 

25 4 

1 00 

94 6 

3 

72 

3 72 

87 2 

1 07 

4 

24 8 

0 98 

90 4 

3 

56 

3 65 

78 9 

096 

5 

26 7 

1 05 

107 4 

4 

23 

4 02 

91 4 

1 12 

6 

25 0 

0 98 

93 3 

3 

67 

3 73 

81 8 

1 00 

7 

24 7 

0 97 

52 0 

2 

05 

2 11 

48 0 

0 59 

8 

28 1 

1 11 

83 4 

3 

28 

2 97 

77 2 

0 94 

9 

25 1 

0 99 

102 5 

4 

04 

4 08 

91 7 

1 12 

10 

25 3 

1 00 

120 3 

4 

74 

1 76 

132 5 

1 62 

11 

23 1 

0 91 

109 0 

4 

29 

4 72 

105 8 

1 29 

12 

28 4 

1 12 

53 6 

2 

11 

1 89 

49 0 

0 60 

13 

25 5 

1 00 

98 8 

3 

89 

3 87 

91 8 

1 12 

14 

24 3 

0 96 

128 3 

5 

05 

S 28 

113 0 

1 38 

15 

27 4 

1 08 

160 0 

6 

30 

5 84 

127 0 

1 55 

16 

26 5 

1 04 

66 2 

2 

61 

2 50 

51 2 

0 63 

17 

23 1 

0 91 

85 0 

3 

35 

3 68 

89 4 

1 09 

18 

25 3 

1 00 

124 6 

4 

91 

4 93 

130 3 

1 59 

19 

24 4 

0 96 

50 4 

1 

98 

2 07 

39 6 

0.48 

20 

23 3 

0 92 

81 3 

3 

20 

3 49 

80 0 

0 98 

21 

23 6 

0 93 

49 0 

1 

93 

2 08 

37 6 

046 

22 

122 5*t 


121 4* 




49 4t 

0 60 


* ri*fiM **** Mght i^f old tuber. These weights are not included in the avertge weii^t 
t Wright not included in average weight 


f 

T >W 5 gives data of the total green weight of sprouts per culture when* 
plfnt iwi and that of the plants at the time of harvest, 7 weda later. The 
ratio of final to original green weight and the green wrii^t of tubers ptuduced 
piri cidture also are presented in this table. 

These data an represented graphicalljr in figure 3, iridch is constructed 
frarn the rdative numbos in taUe 5. deviation in the weight of sprouts 













Flo. 3* Gnphi of serkfi n showing avcztge green wei^tt of i^Mrouts (horizontal hne), 
green wdiglit of qpfoutz per culture (broken line) and green wei^t of plants per culture at 
harvest (fun Hue), in lower part of figure; green weight of tubers (broken Hne) and ratk> of 
final gfeen of plants to green w>ri^ti of ^mmt (full Hne) for each culture, in npfier 
part of figure. 
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Qtmt iMtan Hoe) from the average of the aeries (full hoiuontal line) is se^ 
to be vety amaff iR^hile differences in the final weight oi {dants (lower full line) 
are very marked. Culture 15 shows the greatest green weight. The aeriei 
cS peaks in the graph are located above the culture numbers near the right 
end of the heavy lines representing the culture rows of the triangle. The 
cultures having low green weight values are at the left end of the culture^row 
lines in every case. The graph of tuber production (upper broken line) ia 
very similar to that of the final green weight. The majrinniin production 


TABLE 6 

Sim height of potato plants and transpirational water loss^ dry weight of plants and water 
requirement per culture of series II 


cnKToisNuiaii 

STEM REIOBT 

TOTAX. TKAN* 
BPIKATION 

DKY WIIOHT 
or TOM AND 
AOOT8 

WATBl 

UQUnXIflNT 

Plant a 

PUntb 

Plante 

Average 


cm 

cm 

cm. 

cm. 

gm. 

gm 


1 

6 8 

HO 

5 5 

6 4 

2175 

5 2 

418 

2 

11 5 

12 0 

11 4 

11 6 

3127 

8 1 

386 

3 

12 9 

11 4 

14 0 

12 8 

4018 

10 4 

386 

4 

14 8 

13 5 

12 1 

13 5 

3590 

12 1 

297 

5 

11 0 

15 5 

17 0 

14 5 

4139 

9 8 

422 

6 

11 8 

14 0 

16 9 

14 2 

3813 

9 3 

410 

7 

4 5 

5 3 

5 5 

5 1 

1970 


394 

8 

9 6 

10 5 

■EO 

10 0 

3287 

7 7 

427 

9 

13 8 

15 7 

14 5 

14 7 

4120 

10 0 

412 

10 

15 3 


19 7 

18 4 

5138 

14 2 

362 

11 

16 8 

15 9 

17 5 

16 7 

4540 

11 1 

409 

12 

4 5 

5 5 

5 0 

5 0 

2272 1 

5 2 




10 7 

9 5 


3974 

9 5 


14 

16 4 

18 7 

17 8 

17 6 


13 1 


15 

12 7 

22 8 

20 0 

18 5 

5643 

17 5 


16 

6 6 

5 8 

5 5 

6 0 

2303 

5 7 


17 

11 3 

12 2 

7 5 


3456 

7 8 

443 

18 

16 0 

19 7 

14 7 

16 8 

5163 

11 3 

457 

19 

4 4 

5 9 

8 0 

6 1 

1812 


453 

20 

7 4 

10 0 


9 2 

3146 


443 

21 

5 0 

4 0 

6 7 

5 2 

1762 


430 

22 

5 1 

o 4 

3 1 

4 9 

1122 

2 3 

488 

Average . 

• 

, . . 


11 3 

3438 


409 


occurs in culture 10 rather than in culture 15, however. Very little difference 
is noticed between cultures 10, 15 and 18 in tuber yield. The ratio graph 
(iq)per full line) showing the gain in green weight of the plants has its maximtun 
at culture 15 and its minimum at 12. The two preceding and the two fol¬ 
lowing decrease in value the farther they are removed from tUs 

centrsl With the shortening of the heavy base lines representing 

culture rows the proportion of potassium phosphate increases. The series 
of mftyimft In the upper graph indicates that with an increase of potassium 



























tQ> to the ihfad tow, better pbiiti ere paAwd, fael bsfmA dtt 
lew decieaeed growdi b Hhe graph eho ihowt Ait«inmeeti et 

nitrate to the fourth or fifth cttltuie of each tow, where the rowa 
are that long, induces increased growth. Tins is indicated by the rise in 
the curve above the heavy base lines repiesendiig culture m 
Measurements of stem height per plant and the average for each culture 
are presented in table 6. Tran^jirational water loss for the entire period,. 
dry weight of plants and the water requirement also are given for each culture 
in this table. The maximum average height value occurs for culture IS and 
the minimum value for culture 22. These same cultures have the maximum 
and minimum transpirational values, respectivdy. The dry weight value 
for culture 15 is almost eight times that of the minimum, 2.3 gm. for culture 22. 
Since culture 22 received no fertiliser treatment and its plants were attached 
to their seed piece it is not comparable with any of the 21 cultures of the 
triangle. The maximum average bright value of culture 15 is almost four 
times that of culture 12 of the triangle and its dry weight value is more than 
four times that of culturb 19, the two cultures whose respective values are 
lowest. No such variations between cultures occur for the water requirement. 
The mean water requirement for this series is 409 with a standard deviation 
of 42 ±4.3. 


CONCLUSIONS 

Introductory 

Potato plants of corresponding cultures of the two series show great similar- 
ity in their reaction to the same salt proportions of the 21 different treatments. 
Ihere are minor variations, but these are to be expected where a plant of 
considerable individual variation is employed, especially when two lots of 
seed are used. There is also the posribflity of seasonal conditions bringing 
about different kinds of reactions in plants at different stages of development. 
This may account for the variation between plants of the same cultures in 
series I for the sprouts in each culture of this series were of three different 
sizes when planted. The seasonal differences, together with the use of home¬ 
grown seed, no doubt account for the smaller plants produced in aeries 1. 
This series was grown at a time of year when light conditions were at a mini¬ 
mum. In f^te of minor differences between the two series the results can be 
hgitimatdy averaged and gmieral conclusions deduced therefrom. 

The green weight of the plants at the time of harvest, the dry wet^t of 
these tame plants, the greet weight of tubers and the water requirement 
for correipd^ng cultures of these two series have been averaged and are 
presented in table 7. AB the average weights are given in grams per culture 
and as numbers relative to the average of each respective kind of measure¬ 
ment The water requiremmit values are the averages of those given in tables 
fiandS. 
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COVfMdl 

mncBSE 

Qrwo weight 

Bqrwdght 


WAXgl 

■bii^vrTwwsiYirw 


Actual 

Rekitive to 
average 
674gm 

Actual 

Relative to 
average 
62im 

Actual 

Relative to 
average 
574gm 



tm 


■BUI 


tm 



1 

44 0 

0 65 

■n 


37 3 

0 65 

422 

2 

55 7 

0 83 


0 89 

45 3 


391 

3 

664 

0 99 

KM 

1 05 

57 1 

0 99 

430 

4 

70 2 

1 04 

8 1 

1 31 

59 4 

1 03 

351 

5 

80 0 

1 19 

7 0 

1 13 


1 18 

450 

6 

70 7 

1 05 

6 5 

1 05 

60 9 

1 06 

439 

7 

47 1 

0 70 

4 1 

0 66 

38 6 

0 67 

376 

8 

68 7 

1 02 

6 1 

0 98 

57,3 

1 00 

373 

9 

78 1 

1 16 

7 5 

1 21 

60 5 

1 05 

376 

10 

82 3 

1 22 

■a 

1 48 

81 9 

1 43 

1 325 

11 

77 2 

1 15 


1 16 

70 6 

1 23 

1 427 

12 

42 9 

0 64 

3 8 


36 i 

0 63 

407 

13 

74 7 

1 11 


1 05 

65 3 

1 14 

430 

14 

92 5 

1 37 

WK 

1 32 

77 6 

1 35 

451 

15 

108 7 

1 61 


179 

83 5 

1 45 

323 

16 

55 9 

0 83 



39 9 


361 

17 

64 7 

0 96 



58 1 


351 

18 

87 8 

1 30 

76 

1 23 

81 8 


413 

19 

44 4 

0 66 


mSm 

3 : 8 

0 62 

441 

20 


0 89 



57 7 


453 

21 

42 4 

0 63 

3 2 

0 52 

32 7 
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Plant production 

Green weight. The maximum green weight is 108.7 gm. for culture IS. 
This represents the weight of three plants. The minimum weight is 42.4 
gm. for culture 21. The twa Timiim approximately two and one-half times 
greater the minimiim. The average weight for the entire series is 67.4 
gm. The weights<of the individual cultures are expressed in the third column 
of the table as nwliers relative to this average, for the purpose of simplifying 
rftnyaiT«AnB between cultures. Eleven cultures are above the average, or 
1.00, and the remuning ten below. Cultures 3 and 17 ate almost as good 
as t^ average, however. 

The green weights of these plants are r^resoited diagnunmaticaUy in 
figure 4. In g«n««|l form the figure b similu’ to those ordinarily us<4 to 
a trkDf^ of cultures. Instead of merd^ rqnesenting the hi^ 
and W anas, this figun has been made to resemble a contour map. The 

seven cultures of lowest values an shown In "swamp land” while the other 




























loildMaff placed at These enitcnir 

Haet ate dtam for evety 10 gm. greea above tiO gm. The edtiaes 
are nambeied in regular <ntkr in the triane^ Culture 17, for earample, Hes 
betsreen the contour lines 00 and 70. The plants of this culture have a total 
green weig^ betiseea 60 and 70 gm. Cuhures 3, 8 and 20 lie between the 
aame contour lines. Culture 15 has the hig^hest value and is endrded 1^ a 



Fio« 4 . Diaosam Saownvo tbb Apfsoxocats Giixn Wbzobxs oi Potato Plamts (Tops 
AMO Roots) fbs Cultdbx 

Tbs seven lowest-yislding cultures sre within the shaded am below the 60-fai. contour 
line; the cidtuie giving the hi|^t yield b maiked by the heavy drck, the lowest by the 
double chde. 

heavy ring. Culture 21 has the lowest value and is encircled by a double 
riag. Sudi a diagram enables one to see at a glance the relation of various 
cttteires to eich other with respect to their cmparative yields and to thdr 
podtikm in uie tfiang^, thus showing thehr relation to various proportions of 
^ three salts. 
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Wm tb« gfiMi irright is used as a criterion, greatest growth it obtained 
from cialtiires high in caldum nitrate, low in sulfate and with a 

med i m n ainomit ci potassium idio^)hate. The question previously raised 
as to udieither high calcium nitrate or low magnesium sulfate is responsible 
for this better growth can be answered in part. Further experimentation, 
however, where the ions and elements of these salts are interchanged and 
are used in other combinations, must be carried out before the contrdling 
ions and elements of these salts can be definitely known in their true relation 
to the growth and development of the plant. An examination of jdate I 
showing the plants of series II will bring out certain facts. Cultures lyipg 
along the calcium nitrate side of the triang^, numbers 1, 7,12,16 ,19 and 21, 
are very much alike in appearance and size. An examination of the figures 
in tables 5 and 6 as well as the average values in table 7 will bear out the same 
fact. All of these cultures contain one part of calcium nitrate while they vary 
in their content of magnesium sulfate from 1 to 6 parts. It can not said 
that plants of culture 1 are six times as large or six times as small as those of 
culture 21. This would no doubt be the case if magnesium sulfate were the 
salt most influential in their growth. Furthermore, culture 21 contains six 
times the amoimt of potassium phosphate as culture 1, but there is not six 
times as much difference in growth between the two. With an increase ol 
calcium nitrate, however, there is an increase m vigor, weight and height of 
the plants. The rise m the graphs along the culture rows as brought out in 
connection with figures 2 and 3 also emphasizes this. 

Dry weight. The figures in the second double column of table 7 giving 
the dry weights of plants show variations between cultures similar to those 
of the green weights. In general, there is little difference between the relative 
ntimbers of green and dry weight for plants of corresponding cultures. 

Tuber production 

The economic importance of the potato is due to its tuber and the ultimate 
iiiifi of culture work is the working out of a properly balanced fertilizer that 
will bring about the greatest yield of tubers. With the nutrient elements 
contained m the three salts here used considerable differences in amounts ol 
new tubers produced were obtained in the various cultures. The average 
yield of the two senes is given in grams and in numbers rdative to the average 
yidd in the third double column table 7. The greatest yidd (83.5 gm.) 
is dtown for culture 15 while cultures 10 and 18 give almost as good yields. 
The rnintmum yidd of 32.7 gm. is found in culture 21. The maximum is 
about 2.6 as great as the minimum. This is practically the same ratio 
that exists between the and minimum grecsn weights of the niants 

on which these tubers grew. 

The rdative numbers mdtg coroparisons between cultures and between 
these three kinds cl measurements (peen $iid dry wdghts of plants and green 



tRi|^ii{tttb(fs)cM!jr. limit ft striking afaiiflMi^bvtirem 
valoet. llw Avemge gim of the plftoti it ftlout 17 par coil; lusviar 
«^eii the average green wdglt Of the tubeia. This idatkm hddi geo4 for 
individual cultures edtere the rdative valuee are ahke or neady alike, irhich 
is the case in the ma|ority of cultures. 

The green Tveig^ of tubers of the 21 cultures is shoum in figure 5 whidi 
is constructed shnilaily to figure 4. The seven cultures (d lowest values lie 



The seven knvMt-yklding cultuies ate within the ihaded area bdow the SOm* oontoor 
liae; the cnltnie giving the hldwat yield is niadted by the heavy elide, the lowest by the 
doable ctade. 


in the “nnmp land” while the contour hnes are drawn for every 10 gm. <rf 
*'devmthm” above 50 gm. The highest culture (number 15) is endrded by a 
'heavy ring while ^ lowest (number 21) is within the double ring, These 
two etdtmres 1# ^ same and low <am cf figure 4. Then are minor 
dUforenoeB in m tmipe of the cemtour Unes, but in general riwre is marked 
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IWttteto tl^ two figum AtqMuMtly tlie utiie iwofiortfoitt of 
alto tot brfag about good growth of {tots (tops and roots) haAn^ about 
fsod growtli of tttons. 

SeigH 

The average height of plants in series I is 40 cm. while that in aeries II is 
11.3 cm.) or almost triple that of series I. This difference is probably due 
to seasonal differences of the two series. 

Water feqmrmefU 

The average water requirements of the cultures m the two series as given 
in table 7 show a maximum value of 453 for culture 20 and a minimum value 
of 323 for culture 15 The maximum value is approximately 1.4 that of the 
min i m u m , or there is a variation of about 40 per cent between maximum and 
minimum. This is a small variation when those of t^e other data in the table 
are considered. It also happens that culture 15 has the lowest water require* 
ment and the highest green weight values of plants and tubers, but when the 
average water requirement values are arranged m descendmg order and plotted 
with the green weights of plants and tubers, culture for culture, there is 
iqiparently no relation seen. There seems to be a tendency for the water 
requirement value to remain constant under the various climatic conditions 
and in the various cultures of these experiments. 

SXJlOCAaY 

The results obtained from two series of experiments dealing with the nutrient 
requirements of the Irish Cobbler potato plant are presented in this paper. 
Potato sprouts separated from their seed pieces were grown in sand cultures 
and treated with solutions designated as type 1. This series of solutions con* 
sisted of 21 different salt proportions of monobasic potassium phosphate 
(KBUPO4), calcium nitrate (Ca(N(^)s) and magnesium sulfate (MgSOt). 
The partial osmotic pressure of each varied by equal increments of one*dghth 
of the total osmotic pressure which was approximately 1.00 atmoqihere. 

Whether the green weight of plants (tops and roots together) or the green 
weight of new Subeis produced is used as the criterion of growth, the best 
average values of correqxinding cultures of the two series occurred for the 
cultures in caldum nitrate and low in magnesium sulfate with a mediam 
amount of potassium phoqihate. Cultures giving the lowest yields were low 
in rftlinmn nitrate. The average highest yielding culture was IK 1 S 4 with the 
three salts in the foQowiqg volume-mokcular ccmbentration: OJ)06S 

if.; Ca(Nth)i, 0^0086 MgS 04 , 0.0021 AT. The average lowest yidding 
tultutt was ItUSi with the following voiume^ndecular concentration: 
m4S Jf.; Ca(NQi)t, 0.0024 M.; UCgSQi, mU U. 
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Tti^ average water requirement for plants of the two series was 403. There 
was a marked tendency for individual cultures not to vary greatly from this 
value. There was apparently no relation between high yield and low water 
reauirement and low yield and high water requirement. 
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PLATE 1 

Cultures or Series II Arranged in the Form or a Triangle 

Cultures on the left side are low in calcium nitrate, those on the right side low in mag* 
nesium sulfate and those on the base of the triangle low m monobasic potassium phosphate. 
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NITROGEN FIXATION BY CX)WPEAS AND NODULE BACTERIA 
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INTRODUCTION 

In studying the subject of nitrogen fixation by various legumes and nodule 
bactetia, it became evident that special studies of the initial appearance of 
the process measured chemically^ and chemical studies of the mechanism of 
the reaction concerned, were desirable before progress pould be made in other 
studies of an allied nature. The relation of the initial appearance of the fix¬ 
ation to the plant development was desired, as well as the amount fixed at 
early stages. The progress of the fixation was studied in order to detenfiine 
whether or not it followed any special laws. 

The chemistry of the mechanism of nitrogen fixation by legumes and nodule 
bacteria is unknown. An attempt was made to seek further data on that 
point. 

INITIAL APPEARANCE AND PROGRESS OP NITROGEN PDCA ION BY COWPEA SEED¬ 
LINGS AND NODULE BACTERIA 

It was earlier observed (1) that a measurable amount of nitrogen was fixed 
by cowpeas in some cases as early as 14 days alter planting. The present 
work was planned to study the fixation, if {possible, at earlier periods. Con¬ 
sequently, experiments were initiated with cowpeas growing under especially 
controlled conditions. These experiments were in progress at various intervab 
during 4 years. 4 

w Experimenial methods 

The amoimt of nitrcger fixed by inoculated seedlings, to be significant, 
idiould be checked agamst the nitrogen content of seeds of similar weight, or 
against the nitrogen content of uninoculated seedlings subjected to the same 
growing conditions. Neither method can be relied upon entirdy, althou|^ in 
most cases it would appear that the uninoculated plimts would n^iresent the 
most reliable check. This is not true when the uninoculated plants, hecauae 
ei a lack of nitrogen, decrease in their growth, and often at certain ages con¬ 
tain less mtiogen than the seeds of the same weig^ 

Hie average nitrogen content, as detemdned by the Individual analyses 
ef a reliable number of seeds of the same weight as those planted, was always 
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obtained in connection with the experiment, tmd as seen later, was used 
occaaonally for calciilating the fixation. This established the natural vari¬ 
ation in nitrogen content for seeds ci the weight planted. The average idtro- 
gen content of the uninoculated seedlings grown from the seeds under the same 
conditions of culture served as the check if it was greater than that of the 
seeds. The experimental error was reduced to such a small figure that a 
slight drop in the nitrogen content of the uninoculated seedlings was easily 
detectable. 

Preliminary experiments 

In order to obtain the lowest possible variation in nitrogen content seeds 
of uniform weight were selected. The natural variation of uniform-weight 
seeds, coupled with the slight variations accompanying the analytical methods, 
is sufficiently large to require careful study and greatly vitiate the results of 
the fixation at the early periods. The advantages for this investigation of 
uniform-weight seeds over random-weight seeds is clearly shown in table 1. 


TABLE J 

Variahon tn nitrogen content of umform- and random-weight cowpea seeds 


NIWBm or 8B£08 

WriCHT VAtUTION 

AVSRACK WXXOBT 
PBE SEED 

AVEEAOE MITBOOBM 
COMTEMT FEE SEED 

IflTEOaBV VAEZATION 


msm 

mgm 

mgm 

mgm 


185-244 

201 38 

6 94 

3 90 

18 


206 00 

7 11 

4 86 

25 

185-186 

185 50 

6 36 

2 26 

40 

19a-202 

200 00 

7 11 

2 19 


It is also important to have the seed well matured and dry as a greater 
variation was found with new seeds than with samples from the same lot a 
few months later; however, old seeds are not desirable as the germination is 
usually poorer. The suggestion is made in connection with the selection of 
the seeds that selections from a pure line of seeds of equal specific gravity and 
uniform weight would possibly reduce to a minimum the natural variations 
occurring in the nitrogen content. 

The importance of carefully purif3dng the sand is welliiemonstrated by the 
data given in table 2. This sand showed no nitrogen by a total nitrogen 
analysis. A test for nitrate showed a trace of nitrate present in the sand 
grains. The ability of rapidly growing nitrogen-starving plants, to obtain 
nitrogen where a chemical determination failed to show the amount, is brought 
out here. Similar results in pot-culture experiments have been found with 
calcium, magnesium and phosphorus. 

The sand used was a high-grade, dean, washed product The average 
analysis qf 107 seeds 198 to 202 mgm. weight gave 7.04 mgm. of nitrogen 
per seedLi the seedUngs grown in this sand for nitrate revealed its 

liiifii.imillWIJ^ti The sand and seedlings failed to give the nitrate test after 
the seedlings. 
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This experiment was conducted from September 19, to October 2, 1913, 
wd only 3 hours and 15 minutes of sunshine occurred from the dm the 
plants broke ground until they were washed out. Because of the retarded 
devdopmoit of the plants the increase shown by these figures over the seed 
analysis represents nitrate assimilated from the sand. 


TABLE 2 

Nitrogen fixed by cowpea seedlings in unwashed sand 


AOEOFSESDUNO 

KiriCBER OP ANALYSES 

AVERAOB NmOOEN CONTENT 

AVERAOB NITRO- 
OBN POesn PER 
SEBOLtNO 

Inoculated 

Uninoculated 

Inoculated 

Uninoculated 

days 



rngm. 

mgm. 

mgm. 

7 

14 

14 

7.58 

7 61 

-0.03 

9 

14 

14 

7.66 

7.53 

0.13 

11 

IS 

12 

8.41 

8.45 

-0.04 

13 

19 

17 

9.08 

9 07 

0.01 


Preparation of sand 

Various methods of purification of the sand were tried. Ignition removes 
the nitrogen but does not leave as satisfactory a product as is desirable. The 
same objection was found when the sand was subjected to a reduction method 
with aluminum powder, or by the addition of sugar for bacterial reduction of 
the nitrate. The method adopted consisted of washing the sand with hot 
nitrogen-free distilled water until no trace of nitrate or acid could be found. 
One gram of precipitated nitrogen-free calcium carbonate was added per 
kilogram of sand. One kilogram of the prepared sand was placed in 600-cc. 
beakers which were covered over the top with cotton and sterilized for 4 to 
6 hours at 15 pounds’ pressure. After sterilization the sand was made up to 
12 per cent moisture with nitrogen-free distilled water. Then 5 cc. of sterile 
plant-food solution prepared from nitrogen-free chemicals was added per 
kilogram. 

Seeds planted 

Cowpea seeds possessing unbroken seed-coats were selected from a large 
sample and weighed mdiv'dually on the analytical balance. Only seeds 
falli^ within the narrow variations adopted were selected. The weights 
were most commonly 198 to 202 or 185 to 186 mgm. per seed. Jt will readily 
be understood that a bushel of seed would not contain a large number of seeds 
of these weights. A number of seeds were always analyzed from the same lot 
selected for planting in any given experiment The seeds thus selected were 
sterilized with alco^l or 5 per cent calcium hypochlorite solution for 
2 hours, or with mercuric chloride solution, 1 to 500, for 3 minutes. 

Inocuktioai was provided from fresh young nodules washed and crushed to 
avoid undue contamination. Sterile conditions were not maintained although 
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ttaiDsiable precautions were almys taken to luseptbe treatments sefwrated from 
f ft cb other, and fzom other sources of bacteria that would influence the results. 
The eflectiveness of the method is shown by the fact that chance inoculation 
occurred in only three cases in all the experiments. One seed was planted in 
each kilogram of sand. 

Samfks 

The seedlings were removed at various intervals. Extreme care was exer> 
cised to obtain representative samples of each lot There is considerable 
danger of obtaining individuals that are more advanced in their growth than 
some of the others of the same age. With only one day between samplings 
this danger increased, especially if the weather conditions were not suitable 
to the plant being grown. The samples were washed out with nitrogen-free 
distilled water. Tlie seed-coats, cotyledons, and seedlings were placed in a 
Kjeldahl fl ask and analyzed for total nitrogen by the Kjeldahl method, potas¬ 
sium bisulfate being used. Each plant was analyzed separately. 

Experiment 1 

The seedlings in this experiment grew very slowly and possessed an abnormal 
color. The roots did not develop norms^y. The experiment was started 
December 17,1913 and terminated January 8,1914. During this time there 
were only 9 hours and 35 minutes of sunshine. 


TABLES 

NUrogm fixation by cowpoas^Exporimeni 1 


AOtOrSHDUNO 

iruioui or akalyhs 

AVSIAOI MTtOQIK CONUlfT 

AvnAOl nxTuo- 
OBN HXED PBa 
nxsuKO 

Inoculated | 

Uninoculated 

Inoculated 

Uninoculated 

4m9s 



mgm 

fRim 

eifM. 

7 


18 

7 43 

7 34 

0 09 

9 


15 

7 32 

7 59 

--0 27 

14 

10 

9 

7 36 

6 54 

0 82 

21 

10 

10 

6 86 

7 04 

-0 18 

21 

7 

4 

8 25* 

8 24* 



* l^trate added 


The seeds weighed 198 to 202 mgm. and the nitrogen content was 7.32 
mgm. per seed as determined by the average of 45 seeds. The results of this 
experiment are given in table 3. They include the age of seedlings, number 
of analyses of inoculated and uninoculated plants, then nitrogen content and 
the average amounts of nitrogen fixed per seedling. 

The jSskatkm shown for 14 days is unreliable because of the low value of the 
uninoculated seedlings compared with the seed. The lack of sunlight pre- 
vented^g teal growth, although the plants were did enough to show a large 
fixEtioifi 
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Expermeni 2 

This experiment was started October 26, 1912. The seeds used weighed 
185.6 mgm. each. In table 4 are shown the age of the seedlings, number of 

anal3r8ca, average nitrogen content and nitrogen fixed at each harvest. Twenty- 

five seeds of the same lot and weight as those planted averaged 6.364 mgm. of 
nitrogen each. 

TABLE 4 


Nitrogm fixation by cowpeas—Experiment 2 


AGB or BXXDUNO 

TUATMENT 

NtnCBBB OF 
ANALYBBS 

AVXBAOB NIXaOOBN 
COHTBMT 

AVEBAOB rnnooBir 
rZXBO FSB tEBD- 
Lnro 

days 



WfM. 

Mfm. 

11 

Uninoculated 

5 


-0.31 

11 

Inoculated 

9 

6.67 


14 

Inoculated 

9 


0.54 

21 

Inoculated 

2 

8.17 

2.21 


The results showed a fixation of nitrogen when checked against the analyses 
of the seeds at 14 days, which after a careful study of the variations was found 
reliable. Twenty per cent of all the individual analyses in this class, at 14 
days' harvest, were above the average for the seeds. 

Experiment 3 

The advantage of experimenting during the natural growing period of the 
plants is well illustrated by this experiment. Warm sunny weaker prevail^ 
throughout the period from June 18 to July 9, 1914. The seeds were of 198 
to 202 mgm. weight and an average nitrogen content of 7.18 mgm. was found 
for the 40 seeds analyzed. Germination was excellent; all plants were above* 
ground in 4 da 3 rs. Nodules were plainly visible after 7 days. In table 5 
are the results obtained in this experiment. 


TABLE 5 

Nitrogen fixation by cowpeas---Experinmt 3 


Aonae emuKO 

KVkoEt Of ANALY8XB 

AVUAOB NmOOlN COHTBHT 

AVBiAOtmno- 
OBM fOOBD na 

Inoculated 

Uoinobulated 

Inoculated 

Uninoculated^ 

•BEDUirO 

6 

■■ 

15 

MffPI. 

6.71 

mgm, 

6.98 

mtm» 

-0.27 

9 


• IS 

7.36 


0.21 

12 

15 

15 

7.06 


0.18 

15 

13 

12 


7.38 

-0.18 

19 

U 

12 

Tm 

7.01 

2.43 

21 

10 

13 

U.51 

6.69 

5.82 
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Hie figuies in the ^'inoculated’’ coiuiiui and in the "fixation” column indicate 
very plainly at what age a decided increase in nitrogen occurred. The uninoc¬ 
ulated were used as the check to calculate the fixation. Fluctuations at the 
early periods, such as those found above, occur and are eiqilained on the basis 
of unequal growth rates, some seedlings fixing quite large amounts of nitrogen, 
even at early periods, while the uninoculated often lose nitrogen to the sand. 
It is easy to obtain regular increases in fixation if the intervals are sufficiently 
wide after 14 da 3 rs. That fixation occurs much sooner is repeatedly shown by 
an examination of the individual analyses. It was in part this striking fact 
that led to this investigation. This experiment demonstrated that an appre¬ 
ciable fixation occurred between 15 and 19 days after planting. 

ExperimefU 4 

This experiment was started to study the daily increase from an early period 
until large amounts were obtained. Several plantings were made at different 
periods to avoid poor weather conditions, but unfortunately, aside from the 
first planting, the weather encountered was the worst for summer growth that 
occurred. Plantings were made June 23, July 17, and July 27. The uninocu¬ 
lated seedlings averaged 7.11 mgm. of nitrogen, which figure was used to calcu¬ 
late the fixation for the June 23~July 20 planting. The harvest at 13 days 
must have included especially advanced individuals, although this very danger 
in sampling was understood and every precaution taken to avoid it. A very 
reliable fixation occurred at 13 days and at each period thereafter. The 
fixation suddenly increased between 18 and 19 days, and practically doubled 
each day following. A sudden increase also was noted as occurring on or 
before the 19 days in the previous experiment. The results of this experiment 
are arranged in table 6. 

The fi:mtion found from the first planting was positive in every case. The 
fiuctuations are no doubt, due to the fact that all the plants were so good, 
that some advanced ones were obtained on the thirteenth day. These figures 
represent a fixation beyond error. Attention is called to the fact that at 26 
days after planting the nitrogen contained in the plants is about four times 
that originally contained in the seed, or about three times as much nitrogen 
has been fixed as the seed contained. It is apparent that in all three experi¬ 
ments a very large increase in the rate of fixation occurred at 18 to 19 days. 

The results of experiments 6 and 7 are averaged in table 7. The average 
figures, 7.12 mgm. for the uninoculated plants, represents 174 determinations. 
The average for 235 seeds of the 198 to 202 mgm. weight is 7.107, or very 
nearly the same as for the uninoculated, proving the exactness of the experi¬ 
mental methods employed. 

The increase in fixation does not appear to follow a mathematical progres¬ 
sion, althUMigh it roughly approached a geometrical progression at certain 
times. 
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TABLE 6 

Progressive increase in nifrogen fixoHon hy cowpeas 


AOS OV tSnUMO 

TlBAniSlfT 

tnnoBt or 

AMAIYSM 

AVttAGX KmOOlM 
CONTENT 

AvntAos NintooKir 
nxxD rea sasD- 

XANO 

c 

June23-July20) 

days 



MfW. 

mgm* 

13 

Inoculated 

10 

7.79* 

0.68 

14 

Inoculated 

14 

7.30 

0.19 

IS 

Inoculated 

14 

7.49 

0.38 

16 

Inoculated 

10 

7.39 

0.28 

17 

Inoculated 

10 

7.79 

0 68 

18 

Inoculated 

10 

7.76 

0.65 

19 

Inoculated 

10 

8.62 

1.51 

20 

Inoculated 

10 

9.77 

2.67 

21 

Inoculated 

10 

11.59 

4.48 

23 

Inoculated 

9 

16.95 

9.84 

26 

Inoculated 

8 

28.03 

20.92 

(July 17-Augu8t 3) 

14 

Inoculated 

IUHnilll 

7.00t 

0.15 

15 

Inoculated 


7.85 

1.00 

16 

Inoculated 

■■1 

7.48 

0 63 

(July 27-AugUBt 13) 

15 

Inoculated 

10 

6.75t 

-0.10 

16 

Inoculated 

10 

29 

0.44 

17 

Inoculated 

10 

7.56 

0 71 


* Uninoculated averaged 7.11 mgm. 
t Seeds averaged 6.85 mgm. 


TABLE 7 

Increase in nitrogen fixation by cowpeasy average of experiments 5 and 6 (June IJ-August 13) 


AOBOT8IXDUNO 

KUlCBEa or ANALYSES 

AVERAGE MITROOBN CONTENT 1 

_ . 1 

AVERAGE NITtOOEN 

UniOocuUted j 

Inoculated 


days 


wdimmm 

MffW. 

fPIflN. 

6 



6.71 

-0.41 

9 



7.36 

0.24 

12 



7.08 

-0.04 

13 

10 

7 12 

7.79 

0.67 

14 

24 

7 12 

7.17 

0 05 

15 

47 

7.12 

7.33 

0.21 

16 

33 

7 12 

7.38 

0.26 

17 

20 

7.12 

7.68 

0.56 

18 

10 

7.12 

7.76 

0 64 

19 

22 

7.12 


1 95 

20 

10 

7.12 

9.77 

2.65 

21 

22 

7.12 

11.49 

4.37 

23 

9 


16.85 

9.73 

26 

8 


28.03 

20.91 
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DISCUSSION ON NIimOOEN ITRATION BY qOWPEA SEEDLINGS 

The early appearaxu» of nitrogen fixation in cowpeas is influenced by the 
rate of development of the seedlings. From the obsemtionB made it a|^)eared 
that temperature was an important factor in hastening the fixation. The 
fixation proceeded at an increasing rate, which appeared to be closely con¬ 
trolled by the available supply of carbohydrates. When the plants possessed 
only two leaves (cotyledon leaves) they were able to furnish only a very 
limited amoimt of energy-building material. The devdopment of a third 
leaf is indicative of an increased supply of carbohydrate and was followed in 
these experiments by a rapid increase in the amount of nitrogen fixed. This 
is shown by table 7, in which it is seen that in three experiments there was a 
sudden increase in the nitrogen fixed at 19 days, while the records show that 
the third leaf appeared at 14 days and had become well developed on the 
16th day. It should be pointed out that the third leaf (first real leaf) is 
trifoliate, being composed of 3 leaflets, while the first two leaves are single. 
This third leaf makes a very material addition to the carbohydrate laboratory 
of the young plant. 

The utilization of the available energy of the sun’s rays is more advanta¬ 
geous during the long days than during the short ones. More products are 
synthesized during the long days and consequently more are translocated 
and rendered available to the bacteria in the nodules. This results in a greater 
amount of nitrogen being fixed by the bacteria and a larger nitrogen require¬ 
ment by the plant to balance its needs. 

, A number of other experiments were conducted but are not reported because 
the bad weather conditions prevailing prevented the growth of the plants. 
In one experiment the cowpea seeds were ^lit into two parts, one-half of the 
seed removed, and the other half planted. This was tried to test the effect 
Of robbing the seedling of a large part of its nitrogen, on the time of appear¬ 
ance of nitrogen fixation. The plants grew normally and the analysis indi¬ 
cated an earlier fixation, but the extent of data was not sufficient to warrant 
a detailed report. 

In examining the individual analyses of the seeds, the inoculated, and the 
uninocuiated seedlings, it was evident that for fixing nitrogen certain seedlings 
were superior to others of the same lot. Even at early periods occasional 
seedlings were found that fixed from 0.5 to 1 mgm. above Uie average for the 
particular harvest 

PREUmNARY CBEMZCAL STUDIES OF THE MECHANISIC OF NITROGEN FIXATION 

Plants were grown in pure nitrogen-free sand for the purpose of testing the 
plant Juice, the nodules, leaves, stems, and roots for ammonia, nitrite and 
nitrate. Ejftreme care was exerdsed to have the conditions of growth free 
from outside sources of nitrogen. In preparing for these studies analysis of 
Jena beakers, earthen Jars, porodain pallets, sand, {flant-lood solutions, seeds, 
and the water, were nuuie lor nitrite and nitrates, and some for ammonia. 
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plants were grown in preliminary experiments with and without nitrate in 
order to test the sensitiveness of the culture method and the reliability of the 
reagents to be employed. Interferibg substances were guarded against. No 
Barnes were used in the room a day or so before testing. 

The opportunity to test many hundreds of cowpea plants was presented in 
connection with the experiments on nitrogen fixation. A drop of the plant 
juice from the stem and roots of these plants was tested in a porcelain pallet 
for nitrite and nitrate with diphenylamine and brucine, for nitrite with a- 
naphthylamine suphanilic acid, and for ammonia with Nesseler^s reagent. 
As soot particles were found heavily laden with nitric acid at most times in 
the vicinity of the chemical laboratories, soot and other impurities from the 
air were carefully prevented from gaining entrance during the testing.. 

Soybean and cowpea plants were grown especially to obtain large nodule, 
root, stem, and leaf samples at various ages. It became a regular laboratory 
procedure to test plants, and parts of plants, for those forms of nitrogen. 
Plants of many kinds grown in the greenhouse and in the field were likewise 
tested for comparison. In no case where inoculated legumes or parts of the 
same were grown under controlled conditions in nitrogen-free sand, and every 
other precaution exercised to eliminate these forms of nitrogen as impurities, 
was a positive test found for ammonia, nitrite or nitrate. In every case, 
where nitrate was introduced the characteristic reaction was given. It was 
found in all parts of the plants, at certain times, depending upon the amount 
added and the maturity of the plants. Plants growing in soil that were about 
mature failed to show nitrate. Whenever a reaction for ammonia or nitrate 
was obtained the source of the impurity was succei>.yfully determined. The 
fact that nitrate and nitrite were absent in the plants tested, permits the con¬ 
clusion that it is not a product of the reaction of nitrogen fixation. It may be 
that the sensitiveness of the reagents used was not sufficient to detect small 
enough quantities. The ease with which very small quantities of nitrate were 
detected when it had been added, would seem to eliminate this possibility, 
A large sample of nodules, taken from cowpeas at a time of rapid fixation, 
failed to show nitrate or ammonia. This strengthens the view that inorganic 
nitrogen of these form ’s not concerned in the symbiotic fixation of atmospheric 
nitrogen by legumes and nodule bacteria. 

The results reported here are in agreement with our earlier results and only 
add more data of a negative character as to the nature of the reaction. It 
appears from the data obtained that the reaction is organic in nature rather 
than inorganic. 

SUMMARY 

1. The first appearance of nitrogen fixation as detected in inoculated tow- 
peas growing in purified nitrogen-free sand was 9 days after planting. At 
11 and 12 days, a positive fixation was found but it increased more at 13 and 
14 da}^. 
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2. Tile progress of nitrogen fixation is rdated to the development of the 
plant The more n^idly the plant grows the greater is the rate of increase 
in nitrogen fixed. A rapid increase occurs soon after the time the third leal 
(first real leaf), whidi is made up of three leaflets, b devdqped. Thb was 
found to be 19 days after planting in three different experinaents conducted 
during the natural growing period of the plant. 

3. By 26 da 3 rs after planting the nitrogen fixed was three times that con¬ 
tained in the seeds planted. 

4. The experiments represent 1056 nitrogen determinations, 510 of which 
were made on the inocdated seedlings,. 294 on uninoculated seedlings, and 
252 on the seeds. 

5. Preliminary studies of the mechanbm of nitrogen fixation did not indicate 
that oxidation or reduction was concerned in the process. 
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INTRODUCnON 

The American economic entomological literature is replete with fragmentary 
notes and recommendations regarding the use of carbon disulfide as a control 
measure for the woolly apple aphis. These notes are of a conflicting nature, 
and can hardly serve as the basis of either a positive or a negative recom¬ 
mendation regarding the use of this material. In view of this, it was deemed 
advisable to carry out a series of carefully planned experiments with carbon 
disulfide, under as great a range of conditions as possible, and thereby deter¬ 
mine the positive or negative value of this treatment. Although from the 
standpoint of woolly-aphis control the results were largely negative, they are 
believed to be of sufficient interest, considering the lack of adequate knowledge 
on the subject, to warrant their publication. The data presented on the 
behavior of carbon disulfide in the soil may also prov- of value to those investi¬ 
gating the control of other soil-inhabiting insects or other phases of soil 
fumigation. 

The experimental work on the control of the woolly apple aphis, as reported 
in this paper, was carried out in Maryland, Virginia and West Virginia during 
the seasons of 1915 and 1916. Root infestation by the woolly apple aphis 
is severe throughout this region. In addition, there are several distinct soil 
types. These conditions render this section of the country ideal for experi¬ 
mental work in the control of the root form of the woolly apple aphis. 

PLAN OF THE WORK WITH THE INJECTION METHOD OF USINO CARBON DISULFIDE^ 

* > 

There were three points to be determined with regard to the injection method 
of carbon disulfide as applied to the control of the woolly apple aphis: 

1. The best time during the year for employing the treatment. 

2. Factors the diffusion of carbon dijmlfide in the soil. 

3. The question of injury to the tree resulting from the use of carbon 

disulfide. , 

1 For a feport of experiments with this mateiisi used in water, see Leach (3). 

421 



422 


B. K. LEACH 


IfEIHODd AliD APPASATU8 EMPLOYED 

Before entering into a discussion of the factors influencing the action of 
carbon disulflde gas iu the soil, it will be necessary to describe t^ methods and 
apparatus employed in obtaining these data and also the conditions under 
which these methods were evolved. 

Except when employed for injury tests, it was found impracticable to use 
apple trees, for the following reasons: 

1. Nothing was definitely known regarding the possibilities of injury to 
apple trees when treated with carbon disulfide. In carrying out the work, 
therefore, using the trees in privately owned orchards would have involved 
too great a risk of irreparable damage. 

2. The infestation of the roots of the average apple tree by the woolly 
aphis is not uniform. It may be entirely localized a^ut the base of the tree, 
or be all on one side of the tree, etc. 

3. To determine the degree and location of the infestation of the roots of 
the individual tree requires a careful examination of the root system by 
digging, with consequent disturbing of the natural soil conditions. A tree 
with its root system disturbed in thh fashion cannot be used for experimental 
work if dependable data are to be secured. 

4. To employ a tree for a given experiment, knowing nothing definite 
regarding its degree of root infestation, results in a great deal of frtiitless labor, 
since many trees will be uninfested or only partially infested, a condition 
which cannot be ascertained from an examination of the tree above ground. 

The tube method 

In view of the above facts it was essential that an artificial but nevertheless 
dependable method be evolved for studying the action of carbon disulfide 
upon the woolly aphis in the soil. An observation made early in the course 
of the work with the woolly aphis led to the perfecting of a reliable method. 

It was found that the root form of the woolly aphis could be maintained in 
a normal condition on pieces of roots detached from the tree and kept moist. 
If, during the hottest period of the summer, infested roots, not too badly 
decomposed, are select^ and buried properly in the ground, the aphids on 
these roots will be found alive and breeding when examined 18 days later. 

Taking this observation as a basis, tubes were made to hold the fragments 
of infested roots described above in order that th^ might be easily introduced 
into the sdl. 

These tubes (plate 1) were made of wire screening (12 meshes to the inch), 
measuring li inches in diameter and 7 inches in length; they were provided 
at one end with a removable stopper to permit the introduction of the infested 
roots, ijrhile ^ other end was plugged permanently with a cork stopper, held 
with tacks driven through the wire netting. 
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To cany out an experiment dealing with the diffusion of carbon disulfide 
in the soil by means of these tubes, it is necessary only to make holes of the 
proper depth in the soil under consideration with a IJ-inch crowbar. The 
number and q>acing of the holes will vary with the nature of the experiment. 
The tubes are filled with fragments of aphis-infested roots, then placed in the 
holes prepared for them with the bar, the top of the tube being 3 inches below 
the surface of the soil. The hole is then carefully filled with earth and tamped 
down to its original compactness. 

In practice it was found most convenient to fill thirty or forty of these 
tubes and keep them in a moist condition until placed in the ground, by placing 
them in a pail and covering with a moist burlap bag. 



Scak£^r 
O TuU 

X: DosQ$e hoU 
Fig. 1. The Four-Hole Method of Injecting Carbon Disulfide 

Figure 1 shows the method of studying the diff jsion of carbon disulfide 
gas in the soil by means of these tubes. Tube 4 would ordinarily represent 
the position of the base of a tree treated in practice. About it at distances 
of 18 inches are grouped the four dosage holes represented by X. The tubes 
no. 1 to 7 are so placed as to determine the diffusion in the area within the 
dosage holes and also the area outside and surrounding the dosage holes. The 
spacing of the tubes is shown in the figure. 

The analogy between the tube method of studying the diffusion of carbon 
disulfide gas in the gr.il as described above, and the treating of a tree actually 
infested with woolly aphis, is apparent. The dosage holes are spaced the same 
in both cases, while the tubes containing the pieces of infested roots serve in 
lieu of the actual toot infestation of the tree. Furthermore, any uncertainty 
regarding adequate infestation is done away with, since the tubes are placed 
exactly where infestation is desired. 

From time to time, diffusion tests were carried out on actually infested trees 
as a c heck upon the results obtained with the tube method. The tests con¬ 
firmed absolutely the results obtained by the latter method and plac^ it 
above suspicion as a simple, sure method of studying the action of carbon 
disulfide in the soil. 
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Hie tube method as outlined above was used throui^ut in the eaq)eri- 
ments described in the following pages, and carried out for the purpose ot 
determining as completely as possible, the factors influencing the diffusion 
of carbon disulflde in the soil. For this reason, only the conditions surround¬ 
ing the individual experiment and the results and deductions obtained will 
be given. 

Tmperaktire records 

One of the points to be determined during the course of the work was the 
rdation of the soil temperature to the diffusion of carbon disulfide in the soil. 
Since it was impossible to obtain soil thermographs on account of disturbed 
conditions abroad, the apparatus here described was used and proved satis¬ 
factory. It consists of a wooden tube, 18 inches long, with one end open and 
the other covered with fine wire screening, the inside dimensions are ^ by 1 
inch, so that a maximum or minimum thermometer may be inserted and the 
end plugged lightly with cotton. Two of these tubes, one for the maximum 
and one for the minimum thermometer, were buried horizontally in a trench 
9 inches deep and 30 inches long, in the soil under observation. Every 24 
hours the soil about the ends of the tubes was dug away so as to allow for 
the removal of the thermometers from the tubes, the temperature records 
were taken, the thermometers adjusted and immediately replaced and the 
soil packed back as before. In adjusting the maximum thermometer, before 
placing it back in the soil tube, the bulb encased in a thin layer of cotton was 
dipped in carbon disulfide the rapid evaporation of which ran the mercury 
20 or 30 degrees below the then prevailing soil temperature. Tins was found 
necessary because during the greater part of the time the atmospheric tempera¬ 
ture was higher than the soil temperature. 

The method of recording the soil temperature outlined above proved satis¬ 
factory from the standpoint of use in the field, the results being consistent 
throughout, and while there may be some error, it is not considered great 
enough to influence the final result. Furthermore, the seasonal soil tempera¬ 
tures obtained by this means compare favorably with the records obtained 
by others employing other types of apparatus. 

SoU moisture factor 

Another point to be determined during the course of the work was the effect 
of soil moisture upon the diffusion of carbon disulfide. With this end in view, 
soil samples were taken daily during the course of the experiments. In taking 
a sample, the dry surface s^ was removed, and soil to the depth of 12 to IS 
inches was obtained by means of a soil auger. These samples were preserved 
in air-tight jars and the moisture content later determined, the official method 
being used (1). 
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BiStnii ON THE DIFFUSION OF CARBON DISULFIDE 

Gftstixie and Couanon (2) discuss the diffusion of carbon disulfide as follows: 

Introduced mto the soil in the liquid fonU) c&rbon disulfide tends inunedistely to ssturate 
with its vapors the layers of soil-air which are in contact with it. Around and at the bot¬ 
tom of the injection hole, this saturation is produced at the end of a few moments, but it is 
entirely local, it can diffuse but slowly in proportion as the distance from the point where 
the carbon disulfide has been deposited increases. It is by gaseous diffusion that gradually 
the layers of soil air richest in carbon-disulfide gas cede to the adjacent soil-air layers, the 
toxic vapors with which they are impregnated. This exchange per^ts of the first becoming 
again saturated, from contact with the liquid carbon disulfide, with new quantities of vapor 
and successively the tension of the toxic product is gradually diffused in the soil-air. 

While this phenomenon is being produced, there is a continual loss at the surface of the 
soil. The layers of soil-air adjacent to the soil surface and consequently to the atmos¬ 
phere itself, constantly cede to the latter the fumes of carbon disulfide which they contain; 
so that, after some time, when the liquid dose confined in the soil has ceased to volatilise 
and when the gradual saturated diffusion can no longer be maintained, the moment finally 
arrives when all trace of carbon disulfide vapors disappear from the soil. 

The facts are based on well-recognized physical phenomena: (a) The tension of vapors, 
(b) the diffusion of gases. 

A volatile body constantly tends to evaporate up to that point at which the vapors 
accumulate and become saturated at the prevailing temperature and pressure. In the soil 
this state of saturation is never attained because of the continual loss to the atmosphere, a 
loss which results from the property possessed by the gases of penetrating and mixing inti¬ 
mately in spite of the considerable differences in their densities. 

Observations on the vertical dijfusion of carbon disulfide 

The observations reported up to this point have considered only the diffusion of carbon 
disulfide in the horizontal sense, at the same depth as the deposit of the toxic product, that 
is to say at a depth of 38 or 40 cm. 

In studying the presence of the vapors at higher or lower levels, the following facts are 
observed: the nearer one approaches the surface of the soil, the less carbon disulfide vapor 
is found, a fact explained by the continual loss which takes place from the upper layers of 
the soil in contact with the atmosphere. 

In **Tii.iirtiTimg the soil-air below the level of the injection hole, this rapid reduction in the 
quantities of vapors of carbon disulfide present, is net observed. Their presence in sufficiently 
abundant quantity is proved in the soil-air at a depth of 1 meter or more. The diminution 
of the loss in proportion iu the distance below the surface of the soil, the tendency possessed 
by the vapors of carbon disulfide, of which the density is greater than that of air, to descend, 
during the first momenljs of their emission, are the reasons for this difference. 

RdaHve ^iency of carbon disulfide when used in the various seasons 

Three sets of tests to determine the re/ative diffusion of given doses of 
carbon disulfide when employed in spring, summer and fall were carried out, 
two soil types being employed. During these diffusional experiments, the 
only factor or condition which varied to any extent was the soil temperature; 
the tests being so arranged that the physical conditions and the moisture 
content were about the same for each soil-type throughout. 
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The seil types 

The soil type at Springfield, W.>Va., employed in one*half of these eiperi* 
ments is known as the Berks shale loam, descnl^ by the United States Bureau 
of Soils as follows: 

The Boil of this type is grayish-brown silt loam to a depth of 6 to 8 inches. The subsoil 
is a pale yellow silt loam wh^ grades into a yellowish brown or mottled yellow and gray 
friable silty clay. Distributed over the surface and mixed wth soil and subsoil are large 
quantities of small, thin, platy shale fragments, which make up from 15 to 50 per cent of the 
surface soil. The partly disbtegrated shale is reached at a depth of 10 to 24 inches. The 
sofil material is derived by weathering from the shale. 

The soil type at Winchester, Va., employed in the second half of these experi¬ 
ments is known as the Hagerstown clay loam, described by the Bureau of Soils 
as follows: 

This type has a brown to reddish-brown loam or silty loam soil and a reddish-brown to 
red friable clay upper subsoil which is underlain below 18 inches by a stiff red clay. It occu¬ 
pies undulating to rolling vaUey land, and drainage is good. The type is derived by weather¬ 
ing from pure massive limestone. 


EXPERlMENTAt RESULTS 

In each set of these experiments, the plat of ground employed had not been 
plowed or cultivated for some time previous to the beginning of the experiments. 

TABLE 1 

The seasonal diffusion of carbon disulfide in two soil types 






1 



SOIL- 

SOIL-TSUPBEA- 

8EA80K AND SOIL TYPE 


l-oz 

I 

l-oz. 

1 - 01 . 

2-oc 

MOIS- 

TUES RANGE 


D08X 

DOSS 

B6f« 

DOSS 

DOSE 

TUIE 

CON- 

Mini- 

Maxi- 








TENT 

mum 

mum 



inches 

inches 

inches 

inches 

inches 

percent 

*P 


Spring diffusion .| 

CUy 

6 

9 

15 

18 

18 

17 14 

54-60 

58-62 

Shale 

12 

18 

36 

27 

27 

19 1 

44i-5<3 

48-60 

Summer diffusion . 

CUy 

Shale 

6 

15 

9 

18 

15 

36 

18 

27 

18 

27 

18.76 

19.43 

64 -73 
60-69 

79-fl4 

65-79 

Fall diffusion .| 

CUy 

6 

9 

12 

18 

18 

20 52 

43 -48 

47-53 

Shale 

15 

18 

36 

27 

36 

19.25 

40-48 

44-50 


Table 1 shows the seasonal diffusion in a clay soil and a shale soil when 
various doses of carbon disulfide are employed. The soU-moisture content 
and the range of maximum and minimum soil temperature during the course 
of the experiments also are given. 
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With one or two minor exceptions, the diffusion secured from the employ¬ 
ment of A given dose of carbon disuMde in a specific soil type was the same 
throughout the three seasons of the year comprising the annual period of plant 
growth, irrespective of the variation in soil temperature. This was especially 
true with regard to fhe comparatively smaller doses, as, for instance, i or } 
liquid ounce per dosage hole. 

Factors influencing the diffusion of carbon disulfide in the soil 

Gastine and Couanon (2) discuss the influence of soil and its physical state 
as factors ui the diffusion of carbon disulfide as follows: 

The consistency of the soil and its physical condition at the time of the treatment, have 
a very important influence on the diffusion of the vapors of carbon disulfide. 

In a general way, it may be Said that in permeable soils, the diffusion is most rapid, but 
the permanence of the vapors is, at the same time, the feeblest. On the contrary, b com¬ 
pact soils, the diffusion is slow and the permanence of the vapors sometimes becomes too 
durable. . 

The most favorable soils are those in which the permeability is mamtabed b the subsoil, 
but which are capable, under climatic mflucnces, of assumbg on the surface, a certab cohe- 
sbn. The diffusion of the vapors of carbon disulfide can then be effected freely without a 
too active loss taking place from the surface of the soil 

But whatever the nature of the soil, be it excessive permeability or too great compactive- 
ness, it will be possible to find in either case, at certab times during the year, conditions 
favoring the subterranean diffusion of the vapors, and their mabtenance in the soil-air. 

In clay soils, care must be taken to avoid an excess of soil water which renders the soil 
compact and prevents the circulation of the vapors. Dryness of the soil must also be 
guarded against, smee it gives rise to excessive permeability without any value b aiding 
the penetration of these same vapors. 

In calcareous and light soils, a suitable hygrometrical condition is necessary to retab the 
vapor. A rain seals the upper soil layers sufficiently to form an obstacle to their too rapid 
escape, and assures the success of the operation. 

The influence of soil type on diffusion 

In addition to the data regarding this point given in table 1, data were 
obtained ako with Sassafras silt loam, and Norfolk fine sand, at Berlin, Md. 
The former is descr U;d as follows by the Bureau of Soils: 

The soil of this type to a depth of 8 to 10 bches consists of a light brown mellow silt 
loam contabing a considcraSlc peiccntage of very fine sand. The subsoil is a light brown or 
yellowish-brown compact silt loam. The type is derived from marine deposits weathered 
under good conditions of dramage. 

The Bureau of Soils gives the following description of the Norfolk fine 
sand: 

This type consists of a gray fine sandy bam, underlab by a 3 reliow stkky fine sand or fine 
sandy loam. It occurs on level to undulating areas and drainage is usually good. 
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tWble 2 fdiowa the summer diSusioii of the various doses of carbon disulfide 
in these four soil types, with the sml moisture content and the range of soil- 
temperature during the e3q)eriments* 

It will be observed frmn table 2 that with one exception a greater diffusion 
was obtained on Beriu shale loam with each of the five doses than was obtained 
on the other three soil types. In the case of the |-ounce dose of carbon 
disulfide, a diffusion of 36 inches was obtained on Berks shale loam, or twice 
the diffusion secured on the other soil types. The diffusion on the four sdl 
types when a 2-ounce dose was used was fairly constant. 


TABLE 2 

Tke compafoHve diffusion in four soil types 


son. Ttn 

J-OI. 

DONE 

♦-OI. 

DOtl 

t-oi. 

DOfB 

1-01. 

DOBS 

2-os. 

DOBS 

BOOr 

icon> 

ms 

COM- 

TSMT 

BOn-TElCPtlU- 
ms SAMOS 

Mini¬ 

mum 

Maxi¬ 

mum 


(ttcius 

inches 

inches 

inches 



•F. 

•F. 

Beiks dude loam. 

15 

18 

36 

27 



60-69 

65-79 

Hagerstown clay kuun. 

9 


18 

18 

27 


70-76 

80-83 

Sassafras silt loam. 

9 


18 i 

18 

27 


60-70 

70-72 

Norfolk fine sand. 

9 

18 

18 i 

27 

36 


60-72 

71-73 


Although the above data cover but four soil types, the facts obtained in 
the course of the work form the basis for certain conclusions regarding the 
influence of soil type on diffusion: 

1. It is impossible to state with certainty the degree of diffusion obtainable 
by the use of a given dose of carbon disulfide in a given soil type, except on 
the basis of direct experimentation. 

2. In all probability, the thousand and one distinct soil types of different 
origin, grading from clay to silt, to sand and gravel, etc., would be found to 
have distinct differences in their penetrability by carbon disulfide. 

The influence of soil moisture upon diffusion 

In order to obtain data on this point, experiments were conducted on Berks 
shale loam and Hagerstown clay loam; when at intervals during the season 
th^ were in a wet, a moist and a dry condition. Table 3 gives the range of 
soil temperature and the moisture, together with the comparative diffusion. 

It will be observed that the diffusion in general was much less in wet day 
than in moist or dry clay, while the results were directly opposite in the shale 
loam. Aj^Murently, therefore, excesdve moisture in heavy soils causes a 
decreased diffusion resulting from the employment of a given dose of carbon 
disulfide, indkatmg that the best time for securing maximum diffusion occurs 
when the soil is in a lairiy moist or dry condition. An abundance of moisture, 
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on the other )uuid| is desitEble in secuxixig djffq n fo n in the light f tot ls, 

These detft comcide with the observ&tioiis of Gftstine snd Couenon recorded 
above. 

r*e d0gree of soil moisture al the time of treatment wUh carbon disulfide is 
undoubtedly the one hmiting factor in securing th^ maximum diffusion of a given 
dosage of ike material. It may be said of any soil type, that there is a definite 
range of soil moisture within which the diffusion will be greatest, and that a 
degree of soil moisture above or below this definite range, depending on the 
character of the soil type, will result in decreased diffusion with the same dos* 
age. In this respect, soil types in general may be divided into two broad 
classes; the light dass and the heavy dass. The Berks shale loam may be 
taken as an example of the former and the Hagerstown clay loam as an example 
of the latter. 


TABLE 3 


Factor of soil moisture 


son. TYPS 

llOISTUax 

CONDITION 

J-o* 

DOSE 

1-0*. 

DOSE 

i-oz 

DOSE 

1<0Z. 

DOSE 

2-ot 

DOSE 


SOIL-TIlfPSIA- 

TURStANOS 


Msil- 

xnuflu 



tnckes 

tnckts 

inches 

inches 

inches 

percent 

•P, 

•F. 

f 

Wet 

6 

9 

12 

18 

18 

20 52 

43<48 

47-53 

Hagerstown clay loam .. .‘j 

Moist 

9 

9 

18 

18 

27 

10 43 

70-76 

80-63 

1 

Dry 

9 

9 

18 

18 

27 

2 75 

71-73 

78-81 

[ 

Wet 

15 

18 

36 

27 

27 

19 43 

60-69 

65-79 

Berks shale loam . { 

Moist 

9 

18 

36 

2 ; 

27 

12 10 

72-76 

76-80 

1 

Dry 

9 

9 

18 

18 1 

27 

7 55 

56-64 

60-69 


Soil^surface moisture as an aid in securing maximum diffusion 

Gastine and Couanon discuss this point as follows: 

In calcareous and light soils, a suitable hygrometrical condition is n^^vessary to retain the 
vapor. A rain seals the upper soil layers sufficiently to form an obstacle to their too rapid 
escape and assures the su-cess of the treatment. 

The experiment pven jn deltul bdow, offers some interesting data on this 
question. 

During the months of August and September, 1916, the rainfall at Spring- 
fidd, W. Va., was very slight and by October first the Berks-shale loam was 
extranely dry hard to a very considerkble depth bdow the surface. On 
the ni ght (rf October third, an extremely heavy rimwer of short duration 
occurred, resulting in a total rainfall of 1.53 inches. This huge bulk of water, 
falling quickly upon a hard, dry soil, ran off to a great extent wherever the 
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ground Aoptd and as a result only the first two or three inches of the upper 
soil was moistened to any extent^ leaving the soil bebw as dry as before the 
ndnfalL 

This set of soil conditions was admirable for determining the diffusion of 
carbon disulfide when the dry, hard subsoil is sealed by two or three inches 
of moist top-soil* 

On the next morning, immediately succeeding this heavy rainfall, a series 
of experiments with the tube method were instituted on a plot of Berks shale 
loam. The ground slq)ed slightly, and as stated above, the top-soil was 
moist and the lower soil dry. 

From a study of the data presented in table 4 it will be noted that the 
standard maximum diffuuon for this soil t 3 rpe was secured only when the under¬ 
soil was moist, regardless of the condition of the surface soil. A soil in which 
the two or three inches of surface soil was moist, but the under-soil dry, resulted 
in minimum diffusion. The same result occurred when both the under-soil 
and the surface soil were dry. 


TABLE 4 

The influence of the several condtltons of surface-sotl upon the dtflfuston of carbon dtsulfide 

DeKalb shale ham 


soil COKDITION 

i-o* 

z>osi 

ioi 

DOSE 

1-0* 

D08B 

1-OZ 

DOS! 

a-oz 

POSE 

son 

HOIS 

TUEE 

CX)K- 

TBNT 

SOnTEMEEtA 

TUBEIAMOE 

Mini 

mum 

Man 

nuia 


inches 

inches 

inches 

inches 

inches 

percent 

•F 

•F 

Sutface moist, under soil dry 

9 

9 

18 

18 

27 

8 72 

50-M 

65-69 

Surface dry, under-soil dry 

9 

9 

18 

18 

27 

7 55 

5^ 

60-69 

Surface moist, under> 80 il moist 

IS 

18 

36 

27 

27 

19 43 

6(H59 

65-79 

Surface dry, under-soil moist 

9 

18 

36 

27 

27 

12 10 

72-76 

76-80 


Apparently, the condition of the surface soil exerts less influence upon the 
diffusion of carbon disulfide and acts less as a check upon the dispersion of 
the vapors into the atmosphere, than would be ordinarily supposed. This 
question will be taken up in greater detail under the discussion of the ^Influence 
of surface-soil cultivation upon the diffusion of carbon disiflfide in the aoil.^’ 

Influence of the spacing and arrangement of the dosage holes upon the diffusion 

of carbon disulfide 

There are three factors in the problem of .arranging the dosage holes to 
secure maximum efiSdency when treating apple trees for the control of the 
root-form d the woolly apple aphis: 

1. The necessity for securing an evenness of sphid mortality throughout 
the treated soil area. 
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2. The necessity of securing maxiniiun diffusion per unit dose of carbon 
disulfide empk^ed. 

3. The n^ssity of guarding against injury to the tree resulting from the 
improper placing of the dosage holes. 

Of these three factors, the last is the limiting one. Any arrangement of 
the dosage holes involving the injection of carbon disulfide in immediate 
proximity to the base of the tree, a procedure which invariably causes severe 
injury to the crown, cannot be employed, no matter how theoretically perfect 
it may be. 

The four-hole method (fig, 1) employed almost entirely in the control of 
the phylloxera in France, is in all probability the simplest and most efficient 
method that can be used against the woolly apple aphis. The use of this 
system caused a minimum of root injury. Its efficacy is due to the fact that 
each individual injection of carbon disulfide is so placed as to allow for maxi¬ 
mum diffusion and the combined result of the individual diffusions is the 
complete mortality of the aphids in the area of soil treated--all accomplished 
with the minimum quantity of liquid carbon disulfide. This may be accounted 
for by a discussion of the character of the diffusion from the individual injection 
hole. 

The diffusion of carbon disulfide in the soil from a single dosage hole, not 
surrounded by other dosage holes, extends equally in all directions from the 
point of injection of the liquid. In a soil infested with woolly aphis, the area 
within which the aphids are killed takes the form of a circle with the dosage 
hole as the center. 

Bearing this fact in mind, provided we know thr area of diffusion which 
can be attained by a given dosage of carbon disulfide, it is a simple matter 
so to group the dosage holes about the base of a tree (fig. 1), as to allow suffi¬ 
cient space in order that each injection of carbon disulfide shall do the maxi¬ 
mum amount of work. 

The experimental work has definitely shown for instance, that a dose .of 
J ounce of liquid carbon disulfide in volatilizing will diffuse and produce aphid 
mortality for a distance of 18 inches surrounding the dosage hole in moist 
Berks shale loam, ^'he circles of figure 2, drawn with the individual dosage 
holes as centers, show the extent of the diffusion. The areas of diffusion 
overlap sufficiently to insure complete aphid mortality at the extreme points 
where the individual diffusions meet. 

This spacing of the dosage holes will remain constant but the dose will 
vary with the nature of the individual soff type. In case of larger trees with 
a greater area of infested root surface than could be properly cared for with 
four dosage holes, additional injection holes, properly spaced, were made. 

It would appear from an examination of figure 2, that the areas o, h, ^ and 
d, overlapped by the diffusions from the individual dosage holes, would be 
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•idbJect«dtoatoomteiisede&sityo{cari)ond^^ Itwillbediown, 

mAcx the di8cu8d<»i of the character of diffusion, that this is not the case 
(p.441). 



The depth of the dosage hole 

The area of diffusion obtained from the employment of a given dose of 
carbon disulfide depends upon the depth to which the material is injected in 
the soil. In order to determine the most efficient depth, a series of experi¬ 
ments were carried out in two soil types, Berks shale loam and Hagerstown 
day loam. Using the tube method previously described, the diffusion of a 
i-ounce dose of carbon disulfide was determined when deposited in dosage 
holes at a depth of 2,4,6,8,10,12,14, and 16 inches. 

Figure 3 ^ows the comparative diffusion in moist Berks shale loam at the 
various depths of injection. It will be observed that the greatest diffusion 
occurred yAm the disae was placed at a depth (ff 6, 8, or 10 inches below ,the 
surface of the sdl. At greater or lesser depth, the fusion was much less. 
With a dosage hole 2 inches in depth, a diffusion of 18 inches was secured in 
this soil, because the liquid carbon disulfide sinks into the soil rapidly and the 
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soil used to plug the hole does not soak it up to any extent and thereby allow 
it to eec^>e into the atmosphere. The 4-inch dosage hole gave two^thirds the 
, diffusion of the 6,8 and 10-inch dosage holes. When dosage holes of a greater 
depth than 10 inches were employed the diffusion became less with the increase 
indq)th. 



Fig. 3. Effectivf Diffusion of Cafbon Disulfide in Berks Shale Loam When 
Injected at Various Depths 



Fig. 4. Effective Diffusion of Carbon Disulfide in Hagerstown Clay Loam Whin 
Injected at Various DepUhs 
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tile series of tests outlined above matt di^E^kated on Hagmtown day 
Imwi. Figure 4shows the oox!q3erativedifiusion in this soil type^ at the various 
depths of injection. 

The greatest diffusion occurred when the dose was placed at a depth of 
6f 8,10 or 12 inches below the surface of the soil. At greater or lesser depths 
the area of diffusion decreases. With a dosage hole 2 inches in depth, the 
diffusion obtained was negligible, because the liquid carbon disulfide does not 
immediately sink into the stiff day soil, thereby suffering a loss due to evapo¬ 
ration. In addition, the soil used to plug the dosage hole soaks up a con¬ 
siderable portion of the dose, which is subsequently given off into the o-»- 
phere. The 4-inch dosage hole proved too sMow for the maxim i i v 
while the comparativdy deep dosage holes of 14 and 16 Inches fell shoit 
producing the diffusion attained at shghtly shallower depths. 

The fact that maximum diffusion, in both of the above soil types, is secured 
when the carbon disulfide is injected at a depth var 3 dng from 6 to 10 inches 
may be explained on the basis of the spedfic properties of the vapor of carbon 
disulfide. These vapors are more than twice as heavy as air, and as the 
injection of liquid carbon disulfide gradually volatilizes in the dosage hole, 
the fumes have a greater tendency to sink in the soil as they diffuse than to 
rise toward the surface. It is therefore necessary to inject the liquid at a 
medium depth in the soil, suflSciently deep to prevent loss through the soil 
cap of the dosage hole and yet sufficiently shallow to provide for an even 
diffusion in the upper layers of the soil. Eight inches is probably the most 
convenient depth from the standpoint of both maximum diffusion and the 
minimum of labor required in making the dosage holes. 

The speed of diffusion and aphid mortality 

Early in the experimental work with the injection method of using carbon 
disulfide it was found necessary to obtain data on the speed of the diffusion 
of the material m the soil, and the consequent aphid mortality resulting there¬ 
from. This information was required because otherwise the experiments 
might have been examined for aphid mortality before the action of the gas 
in the soil was complete. 

Experiments to determine this point were carried out in Berks shale loam 
during the hottest portion of the growing season and again in the early fall 
when the soil and atmosphere were cooler. The experiments were planned 
as follows. 

Twelve individual sets of tubes containing aphid-infested roots (fig. 1), 
were placed In the soil, the four-hole method being used and sufficient space 
aOow^ between each set of tubes so that there could be no possible inter¬ 
ference of diffusion. The experiment was carried out in August, and as it 
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hajpp to rii during the hottest period of the growing season. The plat of 
grouBid emtdoyed had not been tilled for some time, while a soil-moisture 
determination at the beginning of the'experiments gave 16.10 per cent moisture, 
the soil being in a very moist, plowable condition. The dosage used through¬ 
out was f ounce per injection hole. The maximum soil temperature varied 
from 7S to 80®, and the minimum from 72 to 76®, during the course of the 
experiment. 

The cylinders containing the infested roots were all placed on August fourth 
and the carbon disulfide injected August fifth. Twenty-four hours after the 
injection of the carbon disulfide the first set of cylinders was examined for 
aphid mortality, at the end of 48 hours the second set was examined, and each 
24 hours thereafter a set of cylinders was examined until the end of the twelfth 
day, when the eiq>eriment was closed. 
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Fig. 5. Speed op Aphid-Killing Diffusion—Moist Soil 


The data given in figure 5 represents the speed of killing diffusion, that is, 
HTn#t required for aphids at a given distance from the dosage hole to be 
killed through e:q)osure to the gas. 

It will be observed that the inside diffusion* resulted in complete aphid 
mortality within 24 hours, while the maximum outside diffusion and conse¬ 
quently aphid mortality was not attained until 3 days after the injection of 
the carbon disulfide. 

Speed of diffusion in cool weaiher 

By October the ground had cooled off considerably and another series of 
experiments was carried out as above. Unfortunatdy for ^comparison with 
the above results the soil in this instance was dry, containing only about 
8.72 per cent of moisture. The maximum soil temperature varied from 63 
to 69® and the minimum from 56 to 64® during the course of the experiments. 
The dosage used throughout was } ounce. 

* Sm ptge 423. 
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The lesults ot the apethneat ue gives in figiuc 6. It wfll be dnerved 
thit the inside diffusion was onnidste m 24 bows, vdule the outside diSnsion 
required 3 days. The imgularity in the diffusion results obtained on the 
seventh day can be ejqdahted only on the basis of mcreased soil moisture in 
the special plat of ground occupied by that particular set of tubes. 



T/ie effect of cultivation 

Gastine and Couanon (2) discuss this subject as follows: 

Whatever the nature of the soil, the treatment should not be effected after cultivation, an 
operation which renders the soil unfit to conserve the vapors of carbon disulfide. It is the 
one ejiplicit rule, practically justified both by the practical results and the scientific study of 
the diffusion. In cultivated soil, it is a general rule that the vapors of carbon disulfide find 
it easier to escape directly into the atmosphere than to diffuse in the 8oil-4iir, where nothing 
tends to retain them. Forty-eight hours after the treatment, one invariably finds only 
slifd^t traces of carbon disulfide, even in the immediate vicinity of the dosage holes. 

In Spite of the above emphatic ruling, the writer was interested in obtaining 
further data on this point. Experiments were therefore carried out under 
various.conditions of soil type and soil moisture, as well as other physical 
soil conditions. 

Two sets of studies were conducted on Sassafras silt loam at Berlin, Md. 
The soil was in a moist condition* In the first set the ground was thoroughly 
dug up to a depth of 8 inches, the lumps broken and the surface smoothed 
with a spade. The tubes containing aphis-infested roots were {daced as usual 
in holes made with a bar and covered with 3 inches of earth, the latter not 
being stamped down* The carbon disulfide, used at the rate of } ounce per 
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injectkm hok with the four-hole method, was injected to a depth of 8 inches 
and the dosage hole thoroughly plugged with Soil. In the second set of experi¬ 
ments the surface of the soil was cultivated to a depth of 2 inches with a hoe, 
the tubes being placed and the carbon disulfide injected as above. As a check 
on these two experiments, a third experiment, with the same dosage, was 
carried out in hard, untilled ground that had not been cultivated or disturbed 
for some time. 

These experiments were duplicated in Berks shale loam, the soil being dry 
and hard, and in Hagerstown day loam under moist conditions. 

Table 5 gives the combined results of the above tests. 


TABLE 5 

Diffusion in untiUed^ tiUed and culUva/ed ground 


SOIL TYFB 

son. CONDITION 

DOSAOS 

mwronon 



01. 

inckis 

f 

*Not tilled; hard and mbist 

i 

18 

Sassafras silt loam. i 

fTillcd; moist 

i 

18 

1 

tSurface cultivated; moist 

i 

18 

f 

Not tilled; hard and dry 

i 

18 

DeKalb shale loam. ^ 

Tilled; dry 

i 

18 

1 

Surface cultivated; dry 

i 

18 

f 

Not tilled; hard and moist 

i 

18 

Hageistown clay loam. \ 

Tilled; moist 

i 

18 

[ 

Surface cultivated; rr^ i%t 

i 

18 


* Ground not plowed or cultivated recently, 
t Soil dug to a depth of 8 inches with spade. 
i Soil-surface cultivated 2 inches deep. 


It is evident from the three distinct sets of data presented in table 5, that 
an undisturbed condition of the soil is not absolutely essential in securing the 
diffusion of a given dose of carbon disulfide. 

Before drawing a j further condusions from the above data, it might be 
well to emphasize the fact that the conditions surrounding these experiments 
were slightly idegHzed. The tubes containing the aphid-infested roots were 
buried 3 inches deep in the loose cultivated soil, whereks in practice the stirring 
of the soil drags infested roots to the surface and loosens and partially exposes 
roots growing near the soil surface. Since the density of the diffusing gas is 
least in these upper two or three inches of soil, it follows that an open con¬ 
dition of this surface soil will result in the aphids contained therein escaping 
the prolonged action of the fumes, thereby forming a fertile source of rein¬ 
festation. The aphid-infested roots at lower depths and consequently sub- 
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j«c<«d for « greater length d tisM to the Ktkm of the {ua>es> vffl he deatad 
the paraaites, but only until the progeny <A a{diid« on the sut&oe roots again 
tonfest them. 

It nuiy be said that iqifaids in the two or three inches of iqiper sml'aie the 
most difficult to kill, even under the most favorable conditions, with the fumes 
(A carbon disulfide, while those at lower dq)ths are more easily killed. Dis> 
turbing the surface-soil in any why tends to produce a set d conffitions unfavw- 
able to the diffusion and retention of the v^mrs in these uj^ sdl-layws, 
thereby allowing the escape of the aphids contidned th«ein. 

The rtiafion of dosage to diffusion 

Ihe degree of diffu^n obtained from the injection of carbon disulfide is 
not in direct proportion to the size of the dose employed. This is shown by 
the data present^ in figure 7. 



It will be observed that the relatively small doses are more efficient than 
the larger doses. A f-ounce dose gave greater diffusion than 1 or 2 ounces; 
in fact a dose of} ounce by vtfiume is in most cases the most efiSdent dosage 
toonploy. 

The mfiuena of so8 kmperalssre 

The minute variations in soil and atmoq>heiic tempoature exert an influ* 
taet vfmibe course (ff the diffusion of carbon dittdfiie in ^ sou. Marion (4) 
makes the following statement regarding this factor: 
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*ni« cum npMentmg the homontal peaetrfttkm of coiboo diralfide figaiBi a» a amuoui 
Ifae of iduch the apices conespond to the hours of the day, widk the dq>reS8ions concord 
with the hours of the ni^t. It may be also stated that these oscillations rq>toduced esactly 
those of the thermometer cum, while the barometric pressure did not i^)pear to exert any 
aotilde induence. 

It is apparent that the diffusion of a dose of carbon disulfide in the soil is 
subject to bursts of speed and abrupt checks in speed as the temperature 
varies. However, witi^ broad limits, tite temperature does not affect Aeulti* 
mate area of diffusion attained by a given dose to carbon disulfide in a given 
soil type, when the other influencing factors remain constant. 

The data presented in table 1 show the diffusion of various doses of carbon 
disulfide, under practically constant conditions of soil moisture, etc., when 
applied at various periods during the growing season beginning at the time 
when the apple buds were swelling and continuing, at intervals, through the 
season until the growth ceased in the late fall. The effective diffusion of a 
given dose of carbon disulfide was the same in the heat of midsununer as in 
the lower temperatures of late fall. In Berks shale loam, for instance,} ounce 
of carbon disulfide applied in August, during the hottest period of the growing 
season, gave a diffusion of 36 inches, and with that dosage the diffusion was 
the same in November. The range of soil temperature in August was: Mini¬ 
mum 60-69®; maximum 65-79®, and in November, minimum 40-48®; maximum 
44-50®. No data on diffusion were obtained on this soil type at lower tempera^ 
tures than those recorded above, but the writer is inclined to the opinion that 
soil treatment with carbon disulfide had best be limited to the three seasons 
of the year comprising the annual period of plant grc wth. 

INJTOY 

The question of mjury to the plant, resulting from the use of any material 
as an insecticide, is of the utmost importance in considering its merits. For 
this reason a detailed series of experiments with carbon disulfide, extending 
throughout the season, were carried out for the specific purpose of obtaining 
accurate data regarding the action of this material upon the apple trees, when 
injected into the soil for the purpose of controlling the woolly i^>hi8. 

It was, of course, impossible to carry out any extended series of dosage 
tests for injury in (ommencal orchards; the chances of damage were too great. 
Fortunately for the success of the work, the use of a block of trees was secured 
at the farm of the United States Insecticide Board, at Vienna, Va. The 
txees comprising this block were in their slecond year d growth at the time of 
the eq>eriments; they were of the Stayman Winesap variety, and in a strcmg, 
vigorcusty growing condition. 
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The soil type was the Manor loam, deaciibed by the Bureau of Soils as 
follows: 


11ie8(iflisa3^1iowQrye!]owish-bix)>wnkMmiabottt8i]iche8d6q^ The subsoila y«Qow 
or reddish-yellow heavy loam^ whidi gzades Into clay loam; this type Is derived from 
micaceous schists, and small mica fragments occur In soil and subsoil 

In addition, several sets of dosage tests for injury on trees of various ages 
were carried out during tlie season at Springfield, W. Va. The soil type was 
the Berks shale loam. As a result of the above experiment, data were obtained 
on the following points affecting the use of carbon disulfide, as a control for 
the woolly aphis: 

1. The comparative degree of injury caused by carbon disulfide when 
applied at the different periods of the growing season. 

1 The comparative amount of injury caused by various-sized doses. 

3. The action of carbon disulfide upon apple trees of various ages. 

4. The outgrowth of injury resulting from the use of carbon disulfide. 

5. The arrpmgement of .the dosage holes as affecting the degree of injury. 

6. The degree of injury arismg in various soil types. 

7. The soil moisture-content as a factor in injury. 

Plan of dosage tests 

Beginning in April and continuing once each month throughout the season 
until December, trees were treated with various dosages in order to ascertain 
the killing dose and also the comparative effect of the various doses. The 
trees used for these tests were strong and vigorous, in their second year of 
growth. The arrangement of the dosage holes, except where otherwise stated, 
is shown in figure 1. 

The four dosage holes were made 8 inches in depth and placed 18 inches 
from the crown of the tree. The doses employed per injection hole were 
J, }, 1 and 2 ounces, by liquid measure, and two trees were treated with 
each dose at each test. 

The dosage tests involved, in all, the treatment of more than 200 trees, 
and in view of the large number of tests it is impossible to give the date for 
each individual test. Instead, a general discussion of the character of the 
injury and the factors influencing the degree of injury is given, based upon 
these individual tests. 

Discussion of injury 

The Mone of injury. The ultimate result of the action of the fumes of carbon 
disulfide upon the portion of the root in the vicinity of the dosage hole*is to 
kill the cambium and thereby girdle the root, resulting in its death beyond 
the girdled point Since the dosage hole must be placed within 18 inches of the 
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base of the tree, in order that the fumes shall penetrate &nd kill the aphids 
infesting the base, it follows that this girdling of the roots will take place 
mainly within a zone 6 to 15 inchcs’from the base of the tree, depending upon 
the strength of the dose employed and the consequent range of injury resulthig. 

The unevenness of difusion and consequent injury. Observations made 
during the course of the dosage tests recorded above indicate that the diffusion 
of carbon disulfide in the soil is uneven; in other words, the density of the 
gas in the soil gradually becomes less and less as it diffuses outward from the 
dosage hole. That is, during the course of the diffusion, the soil and roots 
therein at a point 9 inches from the dosage hole will be subjected to a greater 
density of gas for a greater length of time than will the roots at a point 18 
inches from the dosage hole, etc. Direct experimentation has shown that a 
given dose of carbon disulfide will kill the main roots of young trees, for one- 
half the distance attained by the carbon disulfide gas in its path of aphid¬ 
killing diffusion. For instance a dose of f ounce will result in the mortality 
of the aphids within a radius of about 16 to 18 inches of the dosage hole in a 
stiff clay soil, while any main roots within^ this radius will be killed for a dis¬ 
tance of from 6 to 8 inches from the dosage hole, or on an average of one-half 
the radius of aphid mortality. This condition prevails whether the dose em¬ 
ployed is J ounce or 2 ounces per dosage hole. The rootlets, on the other 
hand, are killed for the same distance as are the aphids, and in the majority 
of 'cases, beyond. In other words^ it requires less density of gas to kill a rootlet 
than an aphid. The above condition of affairs applies irrespective of the dosage 
employed, the injury sustained varying directly with the strength of the 
dose. 

Injury to individual roots by the fumes of carbon disulfide, showing the 
gradation of injury at varying distances from the dosage hole, were observed 
at various times. The most typical of these is shown in plate 2, B. It will 
be observed that up to point b, the main root was kiUed outright. From b 
to fl, the cambium was killed in patches, usually about the base of a rootlet 
From a to the base of the tree only the rootlets and tips of the rootlets were 
killed. This typifies the gradual decrease in the density of the carbon disulfide 
fumes as the distance from the dosage hole increases and the consequent 
decrease m injury. 

At this point it might be well to state that in a given soil type, under a given 
set of soil conditi'^ns, a certain specific dose of carbon disulfide is necessary 
in order to obtain aphid mortality in a given area surrounding a dosage hole. 
A smaller dose will not do the work, and while the employment of an insuffi¬ 
cient dose will cut down the amount of injury, it will not produce the effect 
desired, namely, complete control. 

A typical case of root injury or girdling is shown in plate 2, A. This root 
directly from the base of the tree and 8 inches below the surface 
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of the ml, passes 4 inches to one side of a dosage hole. The root waa about 
I inch In diameter at the base and 28 inches long. It mH be observed that 
the killing of the cambium extended' from point a, the point of the root 4 inches 
to one side of the dosage hole, to point b. The distance from a to ( was 9 
indies. A dose of 1 ounce was applied on July 11, the tree from which the 
root was taken being 2 years old and growing in clay soil. The particular 
root shown in plate 2, A was typical of the injury resulting from the use of 
the above dose under the conditions prevailing at the time of treatment. 
The roots were killed for a distance of about 9 inches from the dosage hole 
while the rootlets were) killed for a considerably greater distance from the hole. 

OiUgrou4h of injury. The tree from which the root described above was 
taken, was injured as a result of the injection of the carbon disuldde and the 
top did not begin to grow again until about 5 weeks after the treatment. The 
roots, in the meantime, were repairing the damage caused by the action of 
the carbon disulfide and when examined on October 23, the root presented 
the appearance as shown in plate 2, A. At points c and d, the root stump had 
produced bunches of new; vigorous roots, designed to take the place of the 
dead portion— h-a. This is a typical instance of root growth following carbon 
disulfide injection. It is evident that this bunched root system so near to the 
base of the tree will hardly be of as great value to the tree as would the single 
root since the latter will in its growth, rapidly spread to the less crowded 
portions of the soil, where the struggle for food and moisture is less acute. 
The normal amount of growth that the single root would have enjoyed must 
be divided up among the nine roots emanating from the stump. Restricted 
in their growth, as a result of this condition, their efforts as food and water 
procurers will be confined to a limited soil zone, thereby resulting in a decreased 
tree growth. 

Injury to the top. This phase of the subject will be treated under two head¬ 
ings, as follows: 

1. Injury to the trunk and main branches. 

2. Injury to the growing tips and foliage. 

Injury to the trunk, branches, growing tips and foliage of the apple tree 
resulting from the injection of carbon disulfide might be termed secondary 
injury. It is indirectly due to the injury sustained by the roots. The latter, 
as a result of this injury, cease or partially cease to function for a time, thereby 
faffing to supply the top with water and plant-food, and consequently checking 
the growth or killing portions of the top. While important, it may neverthe¬ 
less be said that injury to the top is but an indication of injury to the roots, 
and it is theiB that the fundament injury occurs. 

Injury to the trunks and main branches was observed only when v^ exces¬ 
sive doses were employed in shale loam soils. 



BEHAVIOS OP CAltBON DISXJLFIDB IN SOIt 


443 


As to injury to foliage and growing tips, the first indication of injury result* 
ing from the injection of carbon disulfide is the withering of the foliage. In 
the case of a large dosage, the entire foliage will wither and die within a few 
days after treatment. Then the tips of the branches begin to die back often 
for a distance of ten or twelve inches. This occurs invariably when a dosage 
of 2 otmces per injection hole is employed. A dose of 1 ounce per injection 
hole will, as a rule, strip the foliage to some extent on the tips of the branches 
and kill the tips back for a few inches. The terminal buds on the remaining 
tips will not be killed but will be checked in their growth. A dose of } ounce 
will kill one or two tips and strip the foliage very slightly. The remaining 
tips will be checked in their growth. A dose of} ounce per injection hole will 
seldom cause any defoliation or killing of the tips but will check the growth 
at the tips. 

The degree of injury to the aerial portion of the tree, therefore, depends 
upon the degree of root injury. So much of the root surface is killed when 
large doses are employed that the tree is not only unable to maintain the 
aerial growth already made, but must suffer the death of the newest and tender- 
est growth. In the case of medium doses, the tree suffers some defoliation 
and a decided check in growth, while in the case of small doses, the tree stands 
still and the new wood has a tendency to ripen. The effect of small doses is 
very similar to that of a long drouth. 

Explanation of top injury. The specific cause of this phase of carbon disul¬ 
fide injury is not known, but all evidence points to an interference with the 
normal transpiration. So much of the root system of the tree is killed that 
the necessary amounts of water and plant-food cannot be supplied, resulting 
in the killing or checking of the foliage, terminal buds and immature wood. 

The relation of root-injury and interference with nornaal transpiration is 
shown in figure 8. The dosage holes A, By C and Z), were made 8 inches 
deep and placed 18 inches from the base of the 2-year-old tree (0). The 
dosage employed was } ounce per dosage hole, injected on August 18. 

As a result of the above treatment, the foliage was quite badly stripped 
and several of the growing tips were killed back. An examination showed 
the roots killed for a cl* *ance of 8 inches surrounding each dosage hole. This 
is shown diagrammatically in figure 8, the circles whose centers are the dosage 
holes, Ay By C and P, being 8 inches in radius. It will be readily seen that 
one-half of the roots emanating from the base of the tree, assuming that they 
jadiate evenly, pass through the circles whose centers are Ay By C and P, 
in other words, through the areas in which ^the roots are girdled and killed. 
In addition, the rootlets are killed considerably beyond the area shown in 
the circles. This means that almost half the entire root system of the trees 
was rendered functionless as a result of the treatment, thereby cutting down 
the water supply to the leaves one-half, with the resulting injury to foliage 
and growing tips. 
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Misedlaneous faOm 

Age «/ Me tree. Hie age of ^ tree does sot have such a marked'influence 
upon the degree of injury as would be sujqiosed. Two parallel sets of eiqpeti* 
ments illustrating this fact were carried out at Vienna, Va., 2-year-old trees 
being used in one set of experiments and 5-year-old trees in dm other. The 
degree of injury for each respective dose was about the same for the trees 
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Fig. 8. CoicPAKATiVE Asza ot Root Injuky 

of both ages. A consideration of figure S, will explain this fact. It can readily 
be seen that a given dose of carbon disulfide will produce as much injury to 
the roots in the vicinity of a dosage hole when u^ on a 5-year-old tree as 
when used on a 2-year-bld tree. An equal number of roots ranting from the 
base of the tree be killed in one as in the other. Furthermore, the older 
tree will be much slower in outgrowing the injury because the roots of the 
former, girdled near the base of the tree as a result of the carbon disulfide 
gas, are mittsk longer than are the rooto of the younger tree, and omsequently 
less easily oqfdaoed. In the case of the older tree the normal proportion of top 
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growth to root growth is shattered compktdy, while with a young tree this 
condition is more or less temporary. 

Sail type. The soil type is a f&:tor influendng the degree of injury only 
inasmudi as it affects the diffusion of the carbon disulfide gas in the soil. 
In a shale soil, for example, a dose of J ounce will have a diffusion of 36 inches 
and the rootlets will be killed for this distance *or a slightly greater distance. 
In a stiff day soil, on the other hand, a dose of J ounce will give but IS to 18 
inches diffusion, and the rootlets will be killed for a slightly greater distance. 
The area of rootlets killed may therefore be said to depend on the area of 
diffusion of the gas, which in turn varies with the soil type. 

Soil moisture. In some cases, a lack of suffident moisture in the soil will 
result in decreased diffusion and consequently decreased killing of the rootlets. 
In a very dry shale soil, for example, with 7.75 per cent moisture, a dose of} 
ounce will give a diffusion of 18 inches and the rootlets will be killed for the 
same distance. Twice the area of diffusion and root killing takes place in 
moist shale soil. 

Seasonal injury. The dosage tests outlined above indicate that the time 
of year in which trees are treated with carbon disulfide is not the controlling 
factor responsible for the injury resulting from the treatment, and that the 
roots of the apple are apparently at no time entirely resistant to the fumes of 
the carbon disulfide. It is evident that the degree of injury will depend upon 
the efficiency of the diffusion, and, regardless of the time of year, if the soil 
is in proper shape to allow for diffusion, injury will result to the root system 
locat^ in the path of the diffusion. 

However, the indirect effect of this root injury up^n the portion of the tree 
above ground varies considerably with the season and consequent stage of 
seasonal tree growth. In this respect the most susceptible period at which 
trees can be treated is the time in the spring between the swelling of the buds 
and the appearance of the first leaves. A dose that will completely shatter 
the top of the tree at this stage will simply bum the tips when applied later 
in the summer or fall. However, the fundamental root iniury is the same in 
both cases, and for this reascm it is never a safe procedure to estimate injury 
by an examination of t he top. 

The comparoHve resistance of weak and strong trees. During the course of 
the work, many parallel tests were carried out with strong trees and weak 
trees. Injury resulting from the use of a given dose was about the same in 
both cases, but the strong trees outgrew the injury more rapidly. 

The comparatm resistance of the vine and apple tree to the fumes of carbon disulfide 

An examination of the French literature dealing with the control of the 
grape phylloxera^ by the use of carbon disulfide discloses some inteiuting 
data regarding t^ resistance of the vine to this material when injected in the 
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idL It is of espedal interest when compared urith the data, obtained daring 
the course of this work, on the reristance of the i^le to this same treatment. 

Marion (5) discusses the action of the fumes ol carbon disulfide on th^ 
grape as follows; 

The nature of the histologic lesions'produced by the vapors of carbon disulfide on the 
root formation, as shown by the microscope explains the exterior phenomena which are 
manifested. 

The functions of the roots are suq)ended, the upward progress of the sap is arrested; 
and, as the transpiration continues from the green portion, the latter is enfeebled as a result 
Because of this lack of water, the phenomenon of reduction of which the sap must furnish 
the elements, is mterrupted and the functions of the chlorophyll are arrested and the foliage 
assumes a yellowish or reddish tint. If this state is prolonged the exhaustion of the plant 
will prove fatal, but the vapors of carbon disulfide disappear from the soil, the roots begin to 
absorb again, the sap reaches anew the green portion of the vine and the normal condition is 
legstablisbed. 

It is readily understood then, how watering can hasten this reestablishment, 
why the affected vines can manifest later a revival in their vegetation, and 
why the strong vines, of which the tissues are still filled with sap, can support, 
without grave inconvenience, this momentary suspension in the absorption 
of water, while those which the phylloxera have already injured, of which the 
tissues are already almost desiccated, succumb so easily to the presence of 
the vapors of carbon disulfide around the debris of their roots. 

It would seem from the above statement, that when a strong, vigorous 
vine is treated during the growing season, with a quantity of carbon disulfide 
sufficient to rid it of the phylloxera, the vine will suffer a temporary distress 
due to interference with transpiration but will not experience a degree of 
rootlet injury sufficient to impair seriously or kill the vine. The dosage tests 
detailed above indicate the entirely different effect of carbon disulfide upon 
the apple. Here, a dose, no matter how small, produces a certain degree of 
injury to the roots and rootlets in the path of its diffusion, and the amount 
of injury caused by the employment of a dosage sufficient to rid the apple of 
the woolly aphis, prohibits the use of the treatment. 

THE EFFICIENCY OF THE TREATMENT 

The use of carbon disulfide as a control measure does not result in 100 per 
cent efficiency. Aphids infesting roots, growing near the surface of the soil, 
or in decomposed trash at the surface of the soil, are prone to escape the 
action of the fumes. The few thus escaping serve as a source of reinfestation. 
However, were it not for the injury arising from the use of the material, young 
apple trees infested with woolly aphis could be maintained in a vigorous 
condition, with one annual treatment at the most, for the number of aphids 
would be so reduced as to render the injury caused by them negligible. 
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The efficiency of carbon disulfide as a control for the grape phylloxera is 
due to the fact that by means of its periodic use, the vines can be maintained 
in a vigorous condition, capable of producing a normal crop of grapes. This 
is rendered possible because the numbers of phylloxera are kept down to such 
a point that the injury produced by them is insignificant. 

SUMIIARY 

The conditions which influence the diffusion of carbon disulfide in the soil 
are: first, the soil type; second, the soil moisture; and third, the depth and 
arrangement of the dosage holes. Of these three factors, the moisture con¬ 
tent of the soil is the limiting one. Variations in atmospheric or soil temp>era- 
ture throughout the growing season apparently do not affect the attainment 
of maximum diffusion and for this reason it can be secured at any time during 
the growing season when soil-moisture conditions are favorable. 

It was found impossible to apply carbon disulfide at any time during the 
year when soil conditions were favorable without causing injury to the apple 
tree. Direct injury resulted to the roots and indirect injury to the branches 
and foliage, apparently due to the interference with normal transpiration. 
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Tube of wire screening, used in determining the behavior of carbon-dssulhde gas m the 
soil 
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AREA AND GENERAL DISTRIBUTION 

The peat deposits in the United States of both fresh-water and salt-water 
origin have been variously estimated in regard to area, location, and character. 

The report of the Commissioner of the General Land Office for 1907 gives 
65,582,503 acres as the area of swamp land, claims for which had been approved 
and certified under various acts. 

From Wright’s results of a canvass made in the same year by the Office 
of Experiment Stations (21) it appears that alone in the eastern portion of the 
United States there are 77,000,000 acres of swamp and overflowed land. 

In Senate Document No. 443 of the sixtieth Congress, first session, 1908, 
the estimate by Elliott is placed at 79,005,023 acres in the several states, 
exclusive of the coast lands which are overflowed by tidewater. They arc 
listed as permanent swamp, wet grazing land, periodically overflowed land 
and periodically swampy land; this classification represents approximately 
the relative agricultural value of the land as affected by surface water con¬ 
ditions (20). 

Davis (8) finds that the total area of peat land is nearly 140,000 square 
miles. Of this 8 per cent, or about 11,200 square miles, is assumed to be peat’ 
deposits of good quality, averaging at least 9 feet in thickness. 

McCrory (12), sununarizing the drainage movement in the United States, 
gives as the most relial information obtainable concerning the undevdoped 
area of swamp and wet lands a total of 102,000,000 acres, of which 66,900,000 
acres are swamp, 31,500,000 acres are periodically overflowed and 4,400,000 
acres are tidal marsh. 

According to Baker and Strong (1) only about 60,000,000 acres are swamp 
and other wet lands, and practicsdly none of this land, which would make 
1,000,000 farms of 60 acres each, is report^ to be available for settlement 
at present. 

More recently a report has been issued upon the tmused lands in this country, 
as House Document No. 262, Sixty-sixth Congress (10). The document gives 
the possible projects which are available in the various states for development. 
The data irdude acreage of swamp land, cut-over land, wet grazing land» 
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overflow land, and periodical swamp land. In distribution, acreage and classi¬ 
fication House Document No. 262 of 1919 does not differ essentially from the 
report of 1908 by Elliott cited above. 

From this brief summary it is obvious that the estimates of the actual 
areas of swamp and overflow lands are quite unlike; they differ still more 
widely when an attempt is made to distinguish the acreage which more properly 
constitutes workable peat deposits, and the percentage that is utilized at 
present for agricultural and other purposes in the different parts of the country. 

As to distribution, the several authors agree more or less that the areas 
of peat accumulation may be assigned to two or three partly geographic 
regions yrhich express the chief differences in climate, in surface vegetation, 
and in topography, especially those which are the results of glacial action. 
The deposits located in the northern region (I) may, therefore, be divided 
into those of the northeastern states (a), and the Lake states (b), while those 
in the southern or Atlantic coastal region (II) would include the Mississippi 
River bottoms and other river bottoms and terraces of the Coastal Plain of 
the South (c) and of the Gulf States with their adjoining territory (d). The 
known workable deposits in the Pacific coast region (III) occur in the tule 
lands of California and in the basins and rivers of Washington and Oregon. 

The classification and acreage in table 1 is that of Elliott (20) and is repro¬ 
duced here in a form to indicate the three general regional divisions. 

GENERAL CHARACTERISTICS OF PEAT DEPOSITS 

For diagnostic and systematic purposes as well as for other lines of work 
in agriculture and in the industries a full knowledge of the acreage, location 
and of the development and structure of workable peat deposits will naturally 
be of the greatest importance. As the life history of every deposit can now 
be studied without difficulty, provided the different layers of peat material 
are known, undoubtedly all our peat-land studies will gain in much needed 
conformity and accuracy. 

Progress in peat investigations has been severely checked by the widespread 
use of such terms as muck, overflowed land, swampy land, wet land and others. 
The same error that has caused serious difficulties in the establishment of 
types of peat material has resulted in the lack of an adequate classification 
of peat deposits conforming with scientific viewpoints. Undoubtedly the 
adherence to composite terms unqualified in their meaning, is in part the 
reason why the structural features of peat deposits have been completely 
overlooked in this country and why thorough research in this direction has 
been delayed. A somewhat more critical attitude would long ago have 
revealed the fact that peat deposits are essentially a product of the movement 
of plant populations; that they have a characteristic development and struc¬ 
ture whi^ is reteted to particular habitat conditions. This concept has been 
discussed in 4etail elsewhere. It will suffice to summarize here the several 
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TABLE t 

Classification of unredaimed swamp and avorfiowed land* 


IX- 

OlOKAL 

DIVI- 

•lOM 

8TATX8 

mUAKXKT 

swAiir 

WXTAIAnKO 

LAND 

PXXIOOICALLY 

OVEirLOWED 

RUDDICALLY 

SWAMPY 

TOTAL 


- 

acres 

acres 

acres 

acres 

acres 

nd 

Alabama . 

900,000 

59,200 

520,000 


1,479,200 

Hd 

Arkansas. 

5.200,000 

50,000 

531,000 

131,300 

5,912,300 

m 

California . ... 

1,000,000 

1,000,000 

1,420,000 


3,420.000 

la 

Connecticut .. . 


10,000 

20,000 


30,000 

lie 

Delaware 

50,000 

50,000 

27,000 

200 

127,200 

lie 

Florida .... 

18,000,000 


1,000,000 

800,000 

19,800,000 

lie 

Georgia 

1,000,000 


1,000,000 

700,000 

2,700,000 

Ib 

Illinois . . 

25,000 

500,000 

400,000 


925,000 

Ib 

Indiana . . 

15,000 

100,000 

500,000 

10,000 

625,000 

Ib 

Iowa 

300,000 

200,000 

350,000 

80,500 

930,500 


Kansas 


59,380 

300,000 


3.59.380 


Kentucky 


100,000 

300,000 

44,600 

444,600 

ITd 

Ixiuisiana 

9,000,000 


1,196,605 


10,196,605 

IIc 

Maryland 

100,000 


92,000 


192,000 

la 

Maine .... 

156,520 




156,520 

la 

Massachusetts 

20,000 


39,.S00 


59,500 

Ib 

Michigan 

2,000,000 

947,439 



2,947,439 

Ib 

Minnesota 

3,048,000 

2,000,000 


784,308 

5,832,208 

Ild 

Mississippi . . 

3.000.000 


2,760,:oo 


5,760,200 


Missouri . . . 

1,000,000 


1,439,600 


2,439,600 


Nebraska 


100,000 

412.100 


512,100 

la 

New Hampshire . . 

5,000 


7,700 


12,700 

la 

New Jersey. 

326,400 




326,400 

la 

New York 

100,000i 

100,000 

329,100 

1 

529,100 

IIc 

North Carolina 

1,000,000 

500,000 

500,000 

748,160 

2,748,160 


North Dakota . . 

50,000 

50,000 

50,000 

50,000 

200,000 

Ib 

Ohio. 



100,000 

55.047 

155,047 


Oklahoma. 



31,500 


31,500 

mil 

Oregon. 

254,000 




254,000 

Ib 

Pennsylvania .. .. 



50,000 


50,000 

la 

Rhode Island .... 



6,000 

2,064 

8.064 

IIc 

South Carolina. 

1,500,000 


622,120 

1,000,000 

3,122,120 


South Dakot ’ . 

100,000 


511,480 


611,480 


Tennessee . 

639,600 




639,600 

nd 

Texas . 

1,240,000 

1,000,000 



2,240.000 

la 

Vermont . ... 

15,000 


8,000 


23,000 

He 

Virginia. 

600.000 


200,000 


800,000 

III 

Washington. 

20,500 


1 


20,500 


West Virginia. 



23,900 


23,900 

Ib 1 

Wisconsin. 

2,000,000 

« 


360,000 

2t360,000 

Tote 


32,665,020 

6,826,019 

14.747,805 

4,766,179 

79,005,023 


* After Elliott, from Senate Document 443,60th Congreti, 1 Sewlon 1908 th^ Abbrevi¬ 
ations prefixed to the Stotes arc added by the writer to show the general nigional divisions 
referred to in the text on p. 454. 
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main points in connection with their bearing upon the stratigraphic relatiims 
of peat deposits in the United States and in Europe. 

An account of the general features of peat deposits and a definition of the 
term will naturally 4iffer according to t^ point of view. On the economic 
side, the features of fundamental importance are those which qualify a dq}osit 
as a resource of raw materials of value for fuel, for distillation purposes, for 
manufacturing various finished products, as medium for beneficial bacterial 
activity, or for use in other specific ways. To the geologist, the most striking 
feature lies in the fact that a peat deposit may be regarded as a portion of the 
earth’s surface-layers which represent an initial stage in the formation of coal 
beds and petroleum. 

On the agricultural side, a peatland area leads to the consideration of its 
char^teristics as an organic soil which furnishes support and nourishment 
to cultivated plants, but is generally unbalanced in the supply of inorganic 
plant-food constituents. The features of chief importance to agricultural 
aspects are special methods of drainage, fertilizing, cultivation and suitable 
cropping systems with which to maintain the fertility of organic soils and to 
make them increasingly serviceable to the community as a source of food for 
man and cattle. But all of these viewpoints may be summed up in the 
biological concept which regards peat deposits as formed by the successive 
growth of vegetation units, which now constitute accumulations of more or 
less disintegrated plant remains. The different layers of peat material were 
laid down in a definite manner according to imposed field conditions. The 
efiident use of peat deposits, whether as an available resource for food, power 
or finished products depends in large part upon the kind of organic material, 
the structure of the deposit, and the controlling factors in field conditions. 
The feature of noteworthy significance is that a peat deposit and its field 
conditions are to be regarded as correlated with each other in development 
and structure, in time and space relations. 

In general, it would be advantageous to adopt the word moor as a synomym 
for peat deposit. Both terms should be limited to an accumulation of plant 
remains of at least 8 to 10 inches in thickness when compact and well shrunk. 
In this accumulation, the surface layer of living native v^etation and deposits 
containing more than 40 per cent of mineral matter should not be included. 
This restriction of the term would prove useful for purposes of mapping, and 
it would make for precision in surve3rs, in methods of practice, in instrumental 
investigation, in correlation studies, and in that large and increasing line of 
inquiry that depends on experimental work at field stations located in repre¬ 
sentative peathmd areas. 

CLASSmCATION OF PEAT DEPOSITS 

In evaluating peatland areas it is important to adopt a standard for classi¬ 
fying the deposits* The need of some method of classif3dng areas of peatland 
is as obvioiis as in the case of peat material resources. 



PEAT DEPOSITS JN THE UNITED STATES 


457 


Although dassihcations made by various investigators may differ widely 
because of the divergence in concept of the cause and factors controlling peat 
deposits and their uses, those differcbces become less pronounced as the devel¬ 
opment and structure of peat deposits becomes better known and as peatland 
problems are founded on scientific research in the field and in the technical 
laboratories, on which all applied work must ultimately be based. 

While peat deposits may be grouped according to the practical ‘‘usage*^ 
point of view from which the subject is approached, that is, from the con¬ 
sideration of agriculture or the manufacturing industries, it becomes evident 
that a classification made for convenience or for reference to mode of utili¬ 
zation will be unsatisfactory in that it tends to inexactness and uncertainty. 
Unexpected difficulties in the control of the water-table due to springs, in 
the quantity of sulfur contamination, or from any other evidence brought out 
after more detailed field work or laboratory research may suddenly cause a 
deposit to lose much of its reputed practical value and place it in the non¬ 
productive class. On the other hand, improvement^ in methods of utilization 
may again change greatly the value of the practical classification. Some 
deposits may be used in several ways while in others the material has only a 
limited possibility. The various uses for which peat materials are best adapted 
have been discussed in detail in former publications (6, 7). The progress of 
peatland agriculture and the expansion of peat industries depend for their 
success upon the kind of raw material used, and hence due care must be 
observed in the selection of a workable deposit. In its larger aspect the crite¬ 
rion for a judicious choice should not only be fundamental, but also in line with 
the essential processes which initiate, continue or modify and finally terminate 
the development and structure of an accumulation of peat materials. It 
may be difficult for the layman to apply ecological and stratigraphic principles 
and to work out the basic factors of field conditions; it may be cumbersome 
for peatland operators to determine the relative importance of climatic, 
geologic, vegetational and topographic influences, especially where it is not 
readily evident whether the most striking cause may not be the less important 
and significant one in limiting the possibilities of a peat deposit. Nevertheless 
the view seems well «ipported from past failures that in the utilization of peat 
deposits for one or more practical purposes the field conditions and the layers 
of peat material are controlling factors in a profitable industry, and that the 
life history of the deposit should be carefully considered by prospective 
producers. 

System of classifying; peat deposits hosed on surface vegetation 

Various comprehensive studies and classifications of peat dq^osits in America 
and elsewhere have been made according to the surface vegetation. There 
need be no objection to such terms as marsh, fen, bog, heath, shrub, forest, 
which represent a well marked physiognomy d vegetation. They are com¬ 
mon names in many languages and the field conditions of each have a more or 
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less diffeventiatiQg character, notably in the relation of the ground-water 
level to the surface of the soil. The possibility of using the native surface 
vegetation as a basis for differentiating between deposits of peat rests, however, 
entirely on the proviuon that the relation between the living vegetative cover, 
the character of the profile structure of the deposit, and the nature of the 
underlying mineral soil, is correctly interpreted. The degree of natural drainage 
which establishes itself in time on the surface of a deposit often determines 
the character of the vegetative cover. As a rule, deciduous trees such as 
maple, ash, elm and others are looked upon to indicate a better quality of 
deposit but exceptions are not uncommon where the material on which grow 
tamarack, spruce, or cedar would yield better results. The accumulation of 
vegetable material in the layer just below the surface vegetation is by far 
more frequently the decisive factor on reclaimed peat deposits, and hence of 
greater significance than the thin veneer of material formed from the plants 
on the surface of abandoned peat deposits or in consequence of fire or drainage. 

There are few deposits which have not some kind of a structure formed 
during the various periods of time when the peat materials were deposited. 
In dealing with surface vegetation alone as an indicator, it would be impossible 
to determine the extent to which the vegetative cover is a characteristic of 
that structure or whcthei it was at all times successively the top layer at that 
point. A clearer concept will be gained in regard to the value of surface 
vegetation for distinction between peat deposits when accumulations of peat 
are considered in the light of their origin. Continuous deposition of a peat 
material from any type of surface vegetation would produce a deposit nearly 
uniform throughout, provided the field conditions remained constantly the 
same, the thickness of accumulation would be commensurate with the rate 
of deposition, the length of time and the nature of the plant remains. Vari¬ 
ation in the composition or in the nature of the vegetation unit forming peat, 
or a change in field condition would bring about a commensurate change in 
the character of the deposit. The great changes in the stratigraphic features 
of peat deposits may safely be regarded as indicative of major changes in the 
surface vegetation at that particular time, and in the field conditions during 
that period. There are deposits in which the course of development has been 
a conversion of forest to marsh and finally to open water, and there are others 
the structure of which shows alternations between or different combinations 
in the superposition of several types of peat material. The occurrence of 
sedimentation, for example day and sand from floods or from subsidence, as 
intercalations between layers of peat, serves to qualify very markedly any 
relationship between surface vegetation and the character of the deposit. It 
is necessary to bear in mind that by itself a surface vegetation of any unstable 
stage in t^ formation of peat deposits can not be regarded as significant in 
the determination of groups, cesses, or other divisions ci peatland areas. 
As a rule, the present plant populations at the surface, many of which have 
been described and clarified elsewhere (4,6) enter but little into the structure 
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<rf tbe larger portion of a deposit. The older or lower layers of peat deposits 
of the Scandinavian countries, of Holland, Germany^ Switzerland. Finland 
and Russia, have a surprising number of features in common with some of 
the peat deposits in this country. With further accumulation of plant remains 
this feature becomes less marked; those of the regional distribution of plants 
and of climatic differences gradually increase in effectiveness. In surface 
vegetation of today many American and European deposits arc quite unlike. 

Topographic classification oj peat deposits 

There are peat deposits which are obviously associated with topographic 
conditions. They represent filled lakes and ponds, accumulations within 
and between moraines, on till plains and other fiat areas and combinations of 
these t 3 q)es of land surface. However, in another paper dealing separately 
with representative groups of peat deposits, it will be possible to indicate that 
many of them are far from showing an exclusive relation to topographic 
conditions. These deposits comprise accumulatigns of plant remains in 
ancient drainage channels, glacial lake basins, old wave-built terraces or 
plains bordering the ocean and other important land forms which in all cases 
were free from water when marsh, forest and other vegetation units began to 
occupy these areas. They are among the chief sites of peat accumulations 
of the present time. Furthermore, the present streams and smaller drainage 
channels of peat lands are as a rule very young, having been established in 
most cases subsequent to the formation of the peat deposits. Most of the 
waters now flow on top of several layers of peat material and in places flow 
over deposits in which they are forming new and mu’ e or less distant channels. 
The imperfections of the surface drainage, shown by that large acreage of 
so-called swampy, overflowed, and wet grazing lands, is due in great mealsure 
to the comparative shortness of lime since the establishment of the present 
surface streams and the retardation consequent on vegetation obstructing 
the run-off. 

It is a striking fact that in the past far-reaching vegetation changes appear 
to have taken place over a great variety of land forms and, in many cases, 
without any mark< 1 correlation on the part erf any factor except the water 
relation. The underlying causes for many vegetation changes even of today 
are found more readily in the successions of plant populations which operate 
within the limits of the controlling climatic factor of the region concerned. 
But the chief objection to a primary classification of pieat deposits on topo¬ 
graphic differences is that it obscures the structural development of a deposit 
and adds to the difficulty of distinguishing peatland areas which result from 
a rise in the water level through barrier formation, from flooding due to 
increased rainfall, from subsidence of a region or other disturbances. More¬ 
over, certain soil conditions may arrest the succession of vegetatiun and keep 
it stationary at a point far short of the possible development within the 
topography of the area, while elsewhere the influence of plant migration and 
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of r^ikmal differences in vegetation increases in efi^tiveness« It ^>pears 
{HobaUe and in fact seems a necessary consequence of the direct and infer¬ 
ential evidences obtained by Swedish investigators during the past decade 
that the character and direction of the structural formation of a peat dqposit 
depends more upon dunatic changes than upon anything else. 

European system of classifying peal deposits 

The classification of peat deposits which resulted from European investi¬ 
gations has rderence to the sequence or superposition of certain types of 
peat material found in the moors. Three kin^ of deposits or moors are 
recognized as main stages of a developmental series (22); low moor or flat 
moor (Niedermoor, Flachmoor, Verlandungsmoor) the vegetation units of 
which give rise to the marsh group of peat materials; transition moor or 
intermediate moor (Zwischenmoor, Ubergangsmoor) from which shrub and 
forest types of peat are derived, and highmoor (Hochmoor) which in the main 
is equivalent to sphagnum and heath types of peat. The tendency of some 
authors is to eliminate the transition moor since it appears to be less well 
characterized than the low moor and the high moor. The differences between 
the two latter in botanical composition of plant remains are well marked and 
they serve primarily for estimating the agricultural and industrial possibilities 
of these deposits. But the existence of upper and lower forest beds in peat 
land, found at the same horizon through deposits in widely separated regions, 
is of relatively great scientific importance. Shrub and forest types of peat 
indicate evidence, it is believed, for considerable changes in the environment 
during late glacial and postglacial times, and in the migration of vegetation. 
That peat dq>osits will yield abundant information on these points may be 
expected from the results already obtained in Europe by De Geer and Ser- 
nander (9), von Post (15), Samuelsson (17), Weber (22) and others. 

The European system embodies the results of prolonged consideration and 
is well adapted to delineate the pronounced climatic influences of the northern 
part of that continent. But the continental system of classifying peat deposits 
is too limited for satisfactory discriminations in other countries. It is not 
suitable to peatland areas of other climates and to those deposits which upon 
examination show that other kinds of developmental and structural features 
are possible than those illustrated by the relative position of high-moor peat 
materials resting on low-moor types of plant remains. The striking cross- 
sections of American peat deposits such as the Kankakee marsh in Indiana, 
the Everglades of Florida, or the Dismal Swamp in Virginia and North Carolina 
are typical examples of what may be expected in the space and time relations 
of other kinds of peat deposits. They give a significant interest to investi¬ 
gations and to experimental work of peat deposits elsewhere which were formed 
under clima^ influences quite utdi^ those of northern continental regions. 
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Classification of peat deposits hosed on chemical analyses 

A distinction is often made between peat deposits on the basis of chemical 
differences, especially in lime content or in acid reaction. These and other 
chemical distinctions are unreliable when not related to type of peat material 
and they are inadequate to be used for purposes of classifying peat deposits. 
Chemical analyses are difficult to interpret and they are practically worthless 
when a peat deposit consists of a series of different layers of peat, and especially 
so when some of these are separated by intercalated mineral sediments, or 
contain siliceous, sulfureous or ferruginous material as contaminations or as 
depositions by plants and animals. Cases of that kind are numerous in 
deposits of peat near rivers and subject to overflow. 

In the greater number of deposits a low content of lime or other mineral 
constitutents may be regarded as due partly to the underlying soil and geologic 
formation. A clay or marl substratum usually indicates fertilizer require* 
ments quite different from sandy subsoils. Differences in quantity and in 
quality of salt content become observable as a rule'after drainage, and under 
cropping systems which favor evaporation of the ground water from the surface 
layer of the organic soil. These conditions may affect all kinds of deposits 
alike when they are under cultivation and shrink. It is important to note 
that the influence of capillary action upon salt solutions, which Briggs and 
Lapham (2) have investigated, is related also to capillary limits in types of 
peat, and that studies on absorption and differential deposition, like those of 
Cameron (3) and of Patten and Waggaman (14), should be carried out on 
peatland areas before a chemical or a fertilizer a’-'i'lysis may be of value in 
differentiating between peat deposits. The fact should not be overlooked 
that layers of peat at different levels or the removal of surface material .may 
give rise to entirely different chemical reactions. 

The physical and chemical changes which take place in peat deposits are 
brought about to some extent by micro-organisms. Their presence in peal 
deposits has been demonstrated by a number of investigators (11). Somfc of 
the chemical reactions in bacterial culture studies with several types of peat 
have been reported in an earlier work (6) in connection also with the problem 
of bacterial by-products in peat deposits, contri.buting to the xeromorphy in 
the vegetation of the coal age (5). Results secured in Europe and in this 
country indicate tliat requirements of chemical fertilizers are often for the 
purpose of balancing products due to bacterial activity, for example, an 
excess of available nitrogen. Green plants on peat deposits utilize water and 
the carbon dioxide to form food, the starches, sugars and fats necessary to 
their nourishment. The hiineral soil constituents are indispensable, but 
their amount is very atnall for any native vegetation unit growing on peat 
deposits and alone the inorganic salts are incapable of sustaining life in plants. 

It is obvious, therefore, that a chmical clarification of peat deposits based 
on initial tests or requirements must differ considerably from one made at a 
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period and it is apparent also that it would be in general earier to remedy 
the chemical defidences than to change the nature and characteristic infiu^ 
ence of the type of peat material or the structure of the deposit. 

The shtraUgri^phic system of classifying peat deposits 

In a system of classifying peat deposits which is to conform with the devel¬ 
opment and structure of such deposits, it is dear that the genesis and sequence 
of peat materials must constitute the chief basis for grouping; it must furnish 
basic criteria concerning the causes and methods by .whi^ the structural 
features, changes and conditions have been produced or can be utilized. A 
stratigraphic dassiheation of peat deposits such as the writer proposes thus 
includes more especially the two great primary divisions of water-laid and 
land-laid peat deposits, the latter of which show as the noteworthy character¬ 
istic the presence of roots in the mineral substratum. This system necessarily 
indudes and is based upon a botanical analysis of the peat materials them¬ 
selves, of their sequence and rdative position. It represents the historical 
and genetic view in its broader sense, deals with the structural features which 
deposits exhibit and, furthermore, takes careful account of the past physical 
conditions of the environment. Nor does it leave out of consideration, the 
various regional and climatic changes and their influence during the entire 
period in which the deposits were formed. The botanical composition of 
peat materials, their successional position in a deposit, the habitat conditions 
which they reflect, all have thdr importance but their chief value lies in corre¬ 
lations and in pointing out the basic process by which a peat deposit arises 
and culminates, becomes stabilized or converted. A peat deposit undergoes 
changes in structure until it comes into equilibrium with environmental con¬ 
ditions and thereupon continues without further change in structure. When¬ 
ever the conditions are changed climatically, physiographically, by migration 
or alteration in plant and animal populations, a corresponding change of 
structure results. But this change does not necessarily imply advance. Often 
it is towards neither a progressive nor retrogressive structure, but a new 
combination, a complex or mosaic which spreads upon and supplants the 
earlier structural features. In the light of the stratigraphic results obtained 
it should not be diflScult to find out to what extent the life history of the various 
deposits is essentially the same or presents striking differences. More com¬ 
plete studies, of course, will contrast these differences, and they will soon 
furnish a more correct insight. Those who are cognisant of the meaning of 
these facts from an economic as well as a scientific point of view will be able 
to realize how important and urgent is the need for looking more fully than 
heretofore into the structural features of peat deposits and not only of investi¬ 
gating the main types of peat material but also of obtaining a further measure 
of technical and mechanical utilization of these stores of accmnulated energy. 

The fundamental problem in a stratigraphic or developmental classification 
of peat deposits is, however, not alone the local sequence of types of peat 
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witerftl, but also tbe aquivaleBoe ol these types in different geographical 
regions. Xlprincqdesaiiidpiooe8sesaiat9£iiidvcr8ala|^))icatkm»ki$^^ 
to know to what extent the layers ol one ^posit may oonstitiite a natuiai 
group strictly homdogous in its age or time relation, with all the layers of a 
simi]^ deposit elsewhere. The establishment of likenesses and differenoes 
among peat deptmts, and of a time relationship between peat deposits of 
separate morainal s 3 rstems and of different regions has not been as yet among 
the aims of American workers in peat problems* The work of foreiga investi¬ 
gators, though familiar to the specialist, has generally escaped the attention 
of the student. Hence it has not been possible hitherto to contribute either 
toward establishing the identity and correspondence or to determine the 
exact time equivalence of peat deposits of great recessional moraines and 
between different countries. There appears to be little doubt that the identi¬ 
fication of layers of peat material by means of the plant remains induded in 
them will make feasible a grouping of deposits which formed during a common 
substage in the glacial period, and which may thus.be referred to or based on 
a general age and time scale. 

The period of the Wisconsin stage of glaciation was not a single advance 
and melting of the ice sheet but was somewhat complex. The early stage 
of the retreat of the ice sheet, which was marked by the Shelbyville and the 
Bloomington morainic systems, appears to have been followed by a readvance 
of the ice and by a shifting of the line of flow as the ice again spread out over 
the surface of the land. This readvance has been designated as the later 
Wisconsin stage. The limit of the readvance is marked by the Valparaiflo- 
Kalamaaoo-Mississinewa morainic ^tems. 

The stratigraphic study and the mapping of peat deposits distributed within 
the series of important positions of the ice border as the result of the melting 
of the glaciers, may furnish valuable data for the study of past climatic changes. 
The various morainic groups, such as the Shelbyville, the Bloomington, the 
Valparaiso-Kalamazoo-Mississinewa, the Lake Border-Defiance, and the Port 
Huron morainic system represent climatic pulsations. They mark halting 
places during whi<^ the climate ceased to become milder and either remained 
nearly uniform fo” ^ while or else reverted somewhat toward the conditions 
which induce glaciation. It is obvious, therefore, that the sequence of peat 
materials in the deposits of these main systems may furnish the data for char¬ 
acterizing the climate of the earlier and the later Wisconsin stages and of 
the successively less extensive portions of the iCe front. Perhaps a further 
classification of the peat deposits of the United States into two main sub- 
divisions-H:hose beyond the invasion o/ the late Pleistocene ice age and those 
within the gladated area of the country would prove mote practical. The 
Twinnr subdivisions, especially of the deposits relating to the successive posi¬ 
tions of the ice border, might give a record of striking individuality. They 
outline areas over which may exist similar advantageous types of peat, and 
they may give much information regarding suitaUe deposits for experimental 
work in agricultural and industrial problems. 
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Hmy d the European workers refd the stratification o{ a peat itspoAt 
iiot to success! ve changes in the levd d g3tms4 water tmt coaiela^ 

<d peat materials with altema(ting wet and dry periods which accmppanied 
changes in dimatic oMiditkms. It will now be possibfe to eactend the 
European investigations dealing with climatic changes to the j^ladal regions 
d North America and to show whether or not glaciations have been contem* 
poraneous, whether they depended upon general or local causes, and whether 
plant p<^ulation8 have immigrated and were affected by altmiating dry and 
humid periods. But until the {dant rmains in peat deposits are more exten¬ 
sively studied microscopically and along lines of modem investigations, as 
those of Lennart von Post (16) and his collaborators, similarity of sequence 
and resemblance of types of peat material will be taken as the criterion. The 
procedure may lead to many erroneous correlations. Corre^ndence in 
succession of peat materials cannot always be regarded to have significance 
in regard to time equivalence as well, for example, in those cases where the 
layer of peat of the same botanical character is not necessarily of the same 
age, or where deposits of the same geologic period may contain plant remains 
not at all of the same botanical composition. 

It is thus seen that a classification based on stratification soon must take 
on a chronologic aspect, especially as workers in peat problmxs begin to 
perceive that only a limited number of peat materials may be formed during 
the lifetime oi a deposit and that in some areas the strata are often separated 
from those above them by a sharp line of demarkation. For the detailed 
study of American peat deposits correlation by plant remains is undoubtedly 
the most reliable working method and to identify the chief groups of American 
types of peat with similar types in other countries may be, in many cases, 
not far from wrong. There is little doubt that the morphological basis of 
classifying peat deposits will gain in value when established on renewed and 
thorough microscopic study and methods such as those used, for example, 
by the ‘‘Upsala Sdioor^ (9, 13, 16, 18, 19). It is equally evident that the 
study of American peat deposits must be pursued independently if the growing 
demands of peatland industries and agriculture are to receive adequate sdeti- 
tific cofiperation. 
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THE DETERMINATION OF HYDROGEN-ION CONCENTRATION 
BY THE COLORIMETRIC METHOD AND AN APPARATUS 
FOR RAPID AND ACCURATE WORK* 

ERNEST VAN ALSTTNE* 

Ntit Jersey Agrieidhirat SstptrimesU SUsHon 
Roeiivad for pabilorion Nonaibtt tS, IMO 

During the progress of work under investigation for the last two years, it 
has been necessary to make a large number of determinations of the hydrogen- 
ion concentration of various solutions. For this work the indicators proposed 
by Clark and Lubs (2) were used and for the early part of the work their buffer 
solutions also were employed. Comparisons of colors were at first made in 
comparison blocks essentially like those of Hurwitz, Meyer and Ostenberg 
(5) and described by Clark and Lubs (2), but later an entirely new apparatus 
was devised which had the advantage of allowing more accurate comparisons 
and of permitting the determinations to be made more rapidly. Hus new 
apparatus, which is here described, has given excellent satisfaction for more 
than a year in the determination of hydrogen-ion concentrations ranging in pH 
values from 2.0 to 9.0 when it has been necessary, at times, to make as many 
as 100 determinations a day in addition to other regular laboratory work. 

The preparation of the buffer solutions of Clark and Lubs (2) required so 
much time and care that it appeared worth while to adapt the apparatus for 
use with the more'easily prepared double-tube standards suggested by Barnett 
and Chapman (1) and later improved by Gillespie (4). Some trials were con¬ 
ducted upon methods of preparing the double-tube standards and the final 
results of the observations made also are given. 

The essential part of the new apparatus is the eyepiece which, in this case, 
was removed from an old colorimeter. It is shown diagrammatically and in 
actual size in ngure 1, and photographically in plate 1, figures 1 and 2. 

The frame for supporting the eyepiece was so made that wooden blocks 
holding the ^lor tubes would slide in it before the eyepiece bringing the color 
tubes successively into view. Besides making the use of the tubes more con¬ 
venient and rapid, the blocks serve to eliminate from the eyepiece, light com¬ 
ing fixnn any source other than through the color tubes. One block holding 
the tubes of standard colors with known pH values is passed before one fiction 
of the eyepiece while before the other section of the eyepiece is passed a no t h e r 

^ Piper No. 10, of the Technical Series, New Jersey Agrlcultiual Kxpericnent Stations, 
Department of Plant Hiysioiogy. 

* Thanks are due to Dr. J.W.Shhre for asdstance in pr^aiing this article for pnfatteailsa* 
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block hoiding tubes containing the sedations of unknown pH values. When 
the pH value of one unknown has been determined, the next unknown may be 
passed quickly before the eyepiece and the Uock of standards moved to tibe tight 
or to the left until a color is found which corresponds to the unknown and the 
pH value at once read oS from a number on the block showing the pH value 
of the standard cedor tube before the eyepiece. The wooden blocks may be of 
any desired length, but for the tubes of standard colors it is most convenient 
to use a block long enough to accommodate at least a complete set of color 
standards for a single indicator. 

Tubes best suited for use in this apparatus are screw cap homeopathic 
vials about 15 mm. in outside diameter and 46 mm. high. These are most 
conveniently used without the screw caps for the solutions of unknown pH 
values, but the standard colors may be kept and used for several days if the 
caps are partly filled with melted paraffin and screwed tightly onto the bottles 
after the parai&i has hardened. 

If double-tube standards are to be used or if the ^gle-tube standards are 
to be used with unknown solutions which are turbid, it is necessary to have 
blocks which are so made that they will accommodate two rows of tubes. 
One such block is shown in plate 1, figure 2. When the narrower blocks are 
used in a frame made to accommodate the widei; blocks, it is well to use with 
them blocks which will shut out side light and admit only the light which 
comes through a ground-glass plate on the back side of the frame. If the 
double-tube standards are to be used while the pH values of turbid solutions 
are being determined, the frame will need to be made to accommodate blocks 
hdding three rows of tubes, or one tube can be inserted into the framework 
back of each of the double-tube blocks. 

The convenience of the apparatus, the rapidity with which it may be used 
and its adaptability are readily seen and further descr4)tion, other than that 
accompanying the figures, is unnecessary. 

Gillespie (4) tested out the behavior of several of the indicators first pro¬ 
posed by Clark and Lubs and by means of the hydrogen electrode found, as 
had previously been supposed, that at least several of them actually do follow 
the equation for the dissociation of a monobasic add or of a monoadd base. 
The calculations for table 1 were made according to this equation which is: 

in which a the percentage dissociation (or per cent of indicator in the form 
giving the odor produced by the dissociation products), (H)» hydrogen-ion 
concentration and k *» a constant. 

If the constant k in this equation is known, we may calculate what per cent 
of indicator used is in the form to give the add color and also the amount in 
the form to givd the alkaline color at any giv^ hydrogeuiion concentration. 



c 

Fjo. 1. EysrocE AMD Tube Holders or tbb ArrAEATus foe CoLOEiin>;TEic Dzteehima- 
TtoM or HvdeogemoIom Comcbmteatioh 

A. £yq>lece>-aa, flass prisms; hb, leases; c, visible color disk. 

B. Tube bolder for upper opening of eyepiece when eyepiece is in operating position. 

* C. Tube holder for lower opening of eyepiece. 
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Clail asd (2) have given the VahKi ol for A number ol itu^ 

mined according to their method of finding the **ha]f tiaxiifofimitio^ pointy*' 
die hydiogen-ion conoenttation corresponding to eadi of these pobti bei^ 
the same in numerical value as that of the constant A for the indicator in qoes* 
tbn. Gillesine also has made some determinatlGns of the constants by means 
of the hydrogen electrode. Using these constants as they have been deter¬ 
mined, we may calculate values for a in the above formula which will corre¬ 
spond to any chosen number of hydrogen-ion concentration values. These 
odculated values may then be used to plot a curve which will show the per¬ 
centage of indicator in the form giving the add color at any hydrogen-ion con¬ 
centration. Such curves for several indictors are given in the artide by 
Qark and Lubs (2) and also in a more recent artide by Lubs (6). It is not 
necessary, however, to have a curve for each indicator. It is necessary only 
to place the pH value which corresponds to the “half transformation point’’ 
of each indicator opposite the midpoint of the curve and reverse the direction 
of increadng pH vdues, for those indicators which behave as bases, from the 
direction given for mdicators behaving as adds. How this may be done is 
more easily understood by referring to figure 2. This graph shows not only 
the per cent of indicator which is in the forms giving the add and the alkaline 
colors when single-tube standards are used, but also the per cent of total indi¬ 
cator in both tubes of each pair that should be placed into each of the tubes 
when double-tube standarcb are used and equal amounts of solution plus 
indicator are placed into each tube. 

Other indicators than those referred to below the graph, provided their 
dissociation follows the same equation, may be added to the list by simply 
finding the pH value corresponding to the “half transformation point” and 
placing it opposite the midpoint of the curve, then arranging the other pH 
values according to the behavior of the indicator as an add or as a base. 

Since the method of using the double-tube standards has been described 
both by Barnett and Chapman (1) and by Gillespie (4), it will not be necessary 
to repeat it here. It seems advisable, however, to show how a series of double¬ 
tube standards may be made more complete and to give a table which will 
assist in their preparation. 

For determining accurately the per cent of total indicator to be placed m 
each of the tubes, the graph in figure 2 may be drawn to a larger scale or 
instead, a table may be prepared by means of the equation already given and 
made as conq)iete as desired. Numbers on the accompanying graph show 
the percentages of indicator in the form giving the add or alkaline color for 
pH values as dose together as 0.1, which is as dose as pH determinations can 
be accurately made colorimetzically in most cases. The actual amounts of 
indicator and the necessary dilutions to be used with the double-tube stand¬ 
ards are shown in table 1, which shows variations of 1.0 per cent of indi¬ 
cator in the form giving t^ add or the attahne color when the tubes are 
viewed as they are wbm used in the apparatus here described. The percent- 




Fio. 2. Graph Givino Fercektaox Dissoczaxion ow Inoxcatoes >or DzrmtBHT 
VALtms Rxpssskmtxno Per Cent iKmoATOR m Acid Coix>r Form for Ikdicators Num- 
1, 3 AKD 4 WBXCH BRBAVE A8 MOMOACXD BaSBS AMD PER CENT INDICATOR IN 

Aucalxmb Coior Form for Indicators Numbbrro 2» 5, 6, 7, 8, 9 and 10 Which Bsbave 
AS Monobasic Acids 

The numbera at the left below the grsph refer to the indicRtois ra follows: 

1. Thymol blue (add ranfe) 4. Propyl red 7. Phenol red 

2. Brom-phenol bhie 5. Brom-cresol puxple 8. Cresol red 

3« Methyl red 6. Brom-thymol blue 9. Thsrmol blue (alkaline fange) 

10. Cxeiol phthalein 
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ot i]i(£cator in the add form and in the alkaline tom for the different 
pH Vahm chosen are given in the irat two ooluin^ The taio 

tubes of the double-tube standard may be prepared by measuring into them 
these percentages of the total amount of indkator used in both ttribes, and 
diluting both to the same vdume, <me tube with a adutibn giving the add 
odor of the indicator, the other with a sdution ghring the alkaline color. It 
is evident that the same results may be obtained by using any amounts of 
indicator in dther tube provided the pr(^ dilution is made to give the same 
concentration of indicate* as is obtained by the above procedure. Since it is 
difficult to measure the small amounts of indicator necessary in following 
the former procedure, requiring the use of several dilutions of each mdicator, 
the same result has been obtained by adding to each tube an amount of 
indicator which is easily measured and obtaining the proper dilution by 
varying the amounts of the solutions with which they are diluted. The 
amounts of indicator given in the third and fifth columns of table 1 are easily 
measurable quantities arbitrarily chosen and the necessary amounts of add 
and of alkali solutions to give the different percentage concentrations of 
indicator were then calculated according to the following formula: 



which may be simplified to the form: 



in which x » cubic centimeters of solution to be used in diluting the chosen 
amount (cc.) of indicator (d); a » cubic centimeters of indicator arbitrarily 
chosen for use in the tube under consideration (see third and fifth columns 
of table ratio of solution plus indicator in either tube to total indica¬ 

tor in an equal volume the mixture from each tube; d » percentage which 
the indicator in the tube under consideration represents of t^ total indicator 
in a like volume of the mixture from each tube (see fij^t and second columns 
of taUe 1). 

The ratio h/c may be varied according to the strength of indicator solution 
to be used and the d^th of color desired in the tubes for ccunparison. In the 
calculations for table 1, h is given the value 2.2 and the value 0.2. Substi> 
tuting these values, the formula as used becomes: 
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Since calculations according to this {ormula are made on the basis that 2.2 
cc. from the add tube and 2.2 cc.Jrom the alkaline tube contain a total of 
0.2 cc. of indicator, the color of the observed light from double-tube standards 
prepared according to table 1, has been produced by as much total indicator as 
has the color of the light from the tube of an unknown solution, the pH value 
of which is to be determined, when 0.2 cc. of indicator has been added to 2 cc. 
of the unknown solution. For this reason, when standards made according to 
table 2 are used, the tubes of unknown should always be made up for compari¬ 
son by adding 0.2 cc. of indicator to each 2 cc. of the unknown in tubes of the 
same diameter as the tubes used for the standards. 

By means of the graph (hg. 2) and table 2 a double-tube color standard 
for any pH value may be easily and quickly prepared. For example, if a 
doubie-tube standard for the pH value 5.7 is desired, the graph shows that 
either methyl red or brom cresol purple may be used, 20.1 per cent of the 
former being in the form which gives the acid color of the indicator and 
20.1 per cent of the latter bdng in the form which gives the alkaline color 
of the indicator. For practical work the nearest whole per cent is close enough, 
or, with methyl red, 20 per cent in the acid form and 80 per cent in the alkaline 
form. By referring to table 1 it is found that the proper dilutions for these 
percentages are obtained when, in one tube 0.1 cc. of the indicator is diluted 
with 5.4 cc. of the solution which brings out the required acid color, and in the 
other tube 0.2 cc. of the indicator is diluted with 2.55 cc. of a solution which 
brings out the required alkaline color. 

Gillespie (4) brings out the alkaline color of the indicators by adding one to 
two drops of a 0.2 per cent solution of sodium hyoxoxide to each tube, and the 
acid color by means of 0.05 N hydrochloric acid or 2 per cent add potassium 
phosphate (ICHaPOO, from one drop to 1 cc. being added to each tube. The 
total volume in each tube is then made up to 5 cc. with water. According to 
the method here described, the acid and the alkaline colors of the indicators 
are brought out by the solutions with which the indicators are diluted. For 
this reason the solutions should have approximately definite hydrogen-ion 
concentrations. It is not necessaiy that these solutions contaih strong buffers, 
but it is well tha*. they should so that their hydrogen-ion concentrations may 
remain constant on standing. 

With the indic?tors of Clark and Luba giving a range of pH values from 
1.0 to 10.0, it is best to have five solutions of different hydrogen-ion con¬ 
centration values for making the dilutions. These should have approxi¬ 
mately the following pH values and zpay be made according to the following 
suggestions. 

1. 0.5 N hydrochloric add having a hydrogen-ion concentration near 1.5 N 
(3, p. 15). 

2. Sdutien with a hydrogen-ion concentration near 1 X 10 containing 
3.728 gm. of potassium chloride and 131.5 cc. of 0.2 N hydrochloric add per 
liter (2). 
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mmAtcm nr 
KMUf 

omeAioK m 

AtXAtMnt 

MAXMACmi 

oBium wm 

wkWM Mxaam com warn 

Indicator 

AddfldhitldB 

Indicator 

AAtaliMraoIntioo 

p9rc$tU* 

mfornl* 

cc. 

ec» 

ec, 1 

ac. 

5 

95 

O.OS 

10.95 


2.12 

6 

94 

0.05 

9.12 


2.14 

7 

93 


7.81 


2.17 

8 

92 

0.05 

6.83 

0.20 I 

2.19 

9 

91 

0.05 

6.06 


2.22 

10 

90 

0.05 

5.45 


2.25 

11 

89 

0.05 

4.95 

0.20 

2 . 2 i 

12 

88 

0.05 

4.53 

0.20 * 

2.30 

13 

87 

0.05 

4.18 

0.20 

2.33 

14 

86 

0.05 

3.88 j 

0.20 

2.36 

15 

85 

0.05 

3.62 j 

0.20 

2.39 

16 

84 

0 05 

3.39 

0.20 

2.42 

17 

83 

0 05 

3.17 

0.20 

2.45 

18 

82 

0 05 

3.01 

0.20 

2.48 

19 

81 

0.05 

2.84 

0.20 

2.52 

20 

80 

0 10 

5.40 

0 20 

2.55 

21 

79 

0 10 

5.14 

0.20 

2.58 

22 

78 

0.10 

4.90 

0 20 

2.62 

23 

77 

0 10 

4 68 

0.20 

2.66 

24 

76 

0.10 

4.48 

0.15 

2.02 

25 

75 

0.10 

4.30 

0.15 

2.05 

26 

74 

0.10 

4.13 

0.15 

2.08 

27 

73 

0.10 

3.97 

0.15 

2.11 

28 

72 

0.10 

3 83 

0 15 

2.14 

29 

71 

0.10 

3 69 

0.15 

2.17 

30 

70 

0.10 

3.57 

0.15 

2.21 

31 

69 

0.10 

3.45 

0.15 

2.24 

32 

68 

0.10 

3.34 

0.15 

2.28 

33 

67 

0.10 

3.23 

0.15 

2.31 

34 

66 

0.10 

3 14 

0.15 

2 35 

35 

65 

0.10 

3.05 

0.15 

2.39 

36 

64 

0.10 

2.96 

0.15 

2.43 

37 

63 

0.10 

2.87 

0.15 

2.47 

38 

62 

0.10 

2.80 

0.15 

2.51 

39 

61 

0.10 

2.72 

0.15 

2.55 

40 

60 

0.10 

2.65 

0.15 

2.60 

41 

59 

0.10 

2.58 

0.15 

2.65 

42 

58 

0.10 

2.52 

0.15 

2.69 

43 

57 

0.10 

2.46 

0.15 

2.74 

44 

56 

0.10 

2.40 

0.15 

2.80 

4 $ 

55 

0.10 

2.34 

0.15 

2.85 

46 

54 

0.10 

2.29 

0.15 

2.91 

• 47 

$3 

0.10 

2.24 

0.15 

2.96 
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AeklMhnim 

IwUetldr 

AMMMhrtloe 

ptrcmU* 

Jtef atl* 

ee. 

cc. 

■9H 

cc. 

48 

52 

0.10 

2.19 


3.02 

49 

51 


2.14 

BtH 

3.09 

50 

50 


2.10 

0.10 

2.10 

51 

49 

BlH 

3.09 

0.10 

2.14 

52 

48 


3.02 

0.10 

2.19 

53 

47 

0.15 

2.96 

0.10 

2.24 

54 

46 

0.15 

2.91 

0.10 

2.29 

55 

45 

0.15 

2.85 

0.10 

2.34 

56 

44 

0.15 

2.80 

0.10 

2.40 

57 

43 

0.15 

2.74 

0.10 

2.46 

58 

42 

0.15 

2.69 

0.10 

2^.52 

59 

41 

0.15 

2.65 

0.10 

2.58 

60 

40 

0.15 

2 .60 •. 

0.10 

2.65 

61 

39 

0.15 

2.55 

0.10 

2.72 

62 

38 

0.15 

2.51 

0.10 

2.80 

63 

37 

0.15 

2.47 

0.10 

2.87 

64 

36 

0.15 

2.43 

0.10 

2.96 

65 

35 

0.15 

2.39 

0.10 

3 05 

66 

34 

0 15 

2.35 

0.10 

3.14 

67 

33 

0 15 

2.31 

0.10 

3.23 

68 

32 

0.15 

2.28 

0.10 

3 34 

69 

31 

0.15 

2 24 

0.10 

3.45 

70 

‘30 

0.15 

2 21 

0.10 

3.57 

71 

29 

0 15 

2.17 

0.10 

3.69 

72 

28 

0.15 

2 14 

0.10 

3.83 

73 

27 

0.15 

2 11 

0.10 

3.97 

74 

26 

0.15 

2.08 

0.10 

4.13 

75 

25 

0.15 

2 05 

0.10 

4.30 

76 

24 

0 15 

2.02 

0.10 

4.48 

77 

23 


2 66 

0.10 

4.68 

78 

22 


2 62 

0.10 

4.90 

79 

21 

0.20 

2.58 

0.10 

5.14 

80 

20 

0 20 

2.55 

0 10 

5.40 

81 

19 

0.20 

2.52 

0.05 

2.84 

82 

18 

0.20 

2.48 

0.05 

3.01 

83 

17 

0.20 

2.45 

0.05 

3.17 

84 

16 

0.20 

2.42 

0.05 

3.39 

85 

15 

0.20 

2.39 

0.05 

3.62 

86 

14 

0.20 

2.36 

0 05 

3.88 

87 

13 


2.33 

0.05 

4.18 

88 

12 


2.30 

0.05 

4.53 

89 

11 


2.07 

0.05 

4.95 

90 

10 

0.20 

2.25 

0 05 

5.45 

91 

9 


2.22 

0.05 

6.06 

92 

8 

0.20 

2 19 

0 05 

6.83 

93 

7 

0.20 

2.17 

0.05 

7.81 

94 

6 

0.20 

2.14 

0.05 

9.12 

95 

5 

0.20 

2.12 

0.05 

10.95 


* On the bttrif that 100 per cent it the total amount of indicator in equal voKimet of 
toltttkm phu iadkator from each tube. 
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3. Solution with a hydrogen4on concentmtion noar 1 X 10^ containing 
10.307 gm. of add potassium phthalate and 109.25 cc« of N/5 sodium hydrox¬ 
ide per liter (2). 

4 Solution with a b 3 rdrogen-ion concentration near 1 X 10*^^ cantalning 
3.1012 gm. of boric add, 3.728 gm. of potassium chloride and 219.5 cc. of 
0.2 N sodium hydroxide per liter (2). 

5. 0.01 N potassium hydroxide having a hydrogen-ion concentration near 
lXlO~“(3,p, 15). 

TABUS 2 

The hydroietMon concentraHon of soluHons used to bring out the add colors and the alkaline 
_ colors of the indicators _ 

I H-IOM CONCBMnAXION Of m Maimoil 



\SN 




1X10-1* 

Thymol blue (acid range) pH 

Acid color 


Alkaline 



1.0-2,8 



color 



Brom-phenol blue pH 3.0-4 6 


Acid color 

Alkaline 






color 



Methyl-iedpH4.4-4.0 

Acid color 

Acid color 


Alkaline 

Alkaline 





color 

color 

Propyl-red pH 4 8-6 4 


Acid color 


Alkaline 

Alkaline 





color 

color 

Brom-cresol purple pH 5 2-6 8 


Add color 


Alkaline 






color 


Brom-thymol blue pH 6 0-7 6 


Add color i 


Alkaline 






color 


Phenol red pH 6 8-8.4 



Acid color 

Alkaline 

Alkaline 





color 

color 

Cresol red pH 7.2-8.8 



Add color 

Alkaline 

Alkaline 





color 

color 

Thymol blue (alkaline range) 



Add color 


Alkaline 

pH80^6 





color 

Cresol phthalein pH 8.2-9.8 



Acid color 


Alkaline 



1 



color 


Since exact hydrogen-ion concentration values are not necessary in these 
solutions, ordinary C. P. chemicals may be used without additional purification. 

Table 2 shows which of the solutions should be used in bringing out the add 
and the alkaline colors of each indicator. It will be seen from this table that, 
between the pH values 3.0 and 8.8, only three solutions are necessary. For 
convenience and rapidity the solutions should be kept in bottles to which 
automatic burettes are attached for measuring out the desired quantities. 

Apparatus for determining the hydrogen-ion concentration of solutions by 
means of the hydrog^ electrode was not available and for this reason absolute 
accuracy is not chimed for pH values determined as here outlined. Th^ 
should be accurate, however, fmr those indicators found by Gillespie (4) to 
follow the dissodation curve of a monobasic add or a monoadd base. Whether 
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the pH values follow tUs curve atcuratdy or not, the method furnishes an 
ea^ and rapid means of duplicating a given odor. 

H the use of single-tubecolor standards is preferred, these may be n^roduced, 
when once th^ have changed color, by adding to the single-tube buffer solu¬ 
tion, a solution of slightly higher or slightly lower hydrogen*fon concentra¬ 
tion, as necessary, until the desired pH value is obtained, as determined by 
comparison with the double-tube standard. If this is contemplated and the 
single-tube buffer solution is to be taken as the standard, the sing^tube 
colors and the double-tube colors should be matched when the single-tube 
buffer solutions have been freshly prepared, so that the proper double-tube 
standard may be used for comparison later. 
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PLATE X 

Aiw^tOB IM 

The fo^iace if i«iaad ffmn it« poBitjoa when b UK to show th^ dnnUar 
ivhkh the color tubes are db»eerved. Both tube hoUen may be iBd in either directkm so as 
to biiai the dUEennt tubes before the eyei^ece. the lowcnr tUbe-hoUer is for the standard 
cofer titeand the labds on the holder are so numbered that the Ant visible number at the 
ri|^t ol the cyq^iece indicates directly the pH value of the standard color tube before the 
e^fplece. 

2. AppAitATirs roB Dsibiminino HymtooEN-IoN CoircxMTKAnoN CoixmooraxCAixy 

Qliesideoltlieeycpiecehasbeenremovedtosimwtbeinismsinpl^ Two tube holden, 
Imleimd^tofetlieraitheywouklbeinusingtSwdOttble-tubestaiMii^ just above 

the ^ycpleoe. the blo^s with square holes throui^ them are for Cutting out side 
when 0^ a sini^tabe holder Is used before each q^eniag of the eyepiece. A stiB larger 
epenfogk^tfromtlMsupiii^tof theiqqMuatusinfroiitof theeye^^ covered^ a 

ground 1^ which diffuses the light and makes H much more satlsfottory for cdlor observa¬ 
tions. 
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vm HVBRocasK^ioN (X)NcasNTftAmxK OF ciwc&tN ttnjou 
SALT mmoENT soLinnoMs FOR nJkim 

A. 0 McCAtX AMO jr. R. RAAO 

Roodvvd for pobUcotiMi Movonfaw 1, IMO 

tJtiUl quite recently^ practical^ all ol the nutneot sdutions uaed in the itndljr 
<rf {^t-xuitriUon problems have contained four or more salts in additfam to 
a trace of iiom In 1915, Shive (4, 5) found that it was possible to make a 
eatisfactory nutrient solution in which all of the essential ions (except hen) 
were derived from the three salts, calcium nitrate, magneuum sulf^, and 
moDopotaasium phosphate. 

Uns at once suggested the possibility that the six essential ions ^ 
derived from other salts and in 1918 Livingston and Tottingham (3) pulbftdied 
a paper givmg the preHminary results obtained by the use of a th ree s al t 
nutrient solution different from that employed by Shive. 

. These writers suggest six possible ways in which the six essential ions may 
be put into nutrient solutions by the use of only three salts. The six typi|^ 
of solutions, suggested by Livingston and Tottingham are constituted as 
follows: 

ram a rm m rtn tr rm r 

CtCNCMt C«(H^FOt)t C»(B^IO0i CUSO. 

KNOk KiSO. ENOk 

MtCHtfOJ. I MgSQ. Mg(NO>). [ Mg(H.PO0. 

In tUs prelimingiy paper Uiew writers give a brief account of a atody of 
the variation in } ^ of wheat seedlings grown in a aeries of type HI sohitioat, 
one of Save’s acdutions being used es a check. 

Since the puUication of hia original pt^er, Shive eml others have polished 
the results of numerous investigations in which the three<aalt scdutkms were 
caqiloyBd both in sand and in solutim cidtures. As a nrstdt of these ee^y 
hrirestigations the Divttkm of Bkdogy and Apkultuie of the Netional Rcieaseh 
Oaupcfl i^jpointcd a special committee to oigaaiae a aMvement for Uu con 
opemthm study of plant nuttirimi proUems and thug hasten the a cri tdsi t la B 
of kaowlet^ ooncemkig the salt nquiretunt e< a few representative cNp 
iduita- in eider ])e!ttier to correlate- the work of the co-operating s dentiaU 
tUa OQinndttee lorandeiad Mtpmdardined inediods to be «in|doyed ai^ 
each couipe»tww^ a pth^oapy (2) of E re cti o ns fat whidh the pwqyantthBt, 
«f rib rik Qivg'aelotfaw le fivra i4 deintL 

m 

talk*'* 


CtSOt 

KHsNU 

Mt(% 


torn 1 

CaCNOk), 

KEbFO. 

MgSO. 
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ENaing tbe paAt two yean tiiia kbocMoty has beea enqiloyiag ht Nod 
aaithie atndin, adutiooi d types 1, IH and IV aiaiie 19 k aooanlaaiie wttii 
tin dtectkos prqwnd hy oommittee. ]a studying the phuit le^oiwe 
-laklllihwiaciertte'i^^ aaitt iwdtuM ta dwM atiatim tyi^ 

it was soggerted that it he pdadbie to oomlate the fdathre growth 
Ihlies with the l^drageia^oa Goaoeettatioa of the autitont aotudons. Aeooid* 
ki^y ft aeries of aoliiticmB of eitMii of the six types was made vip in ftoocndance 
with the duttmittee’e directions and the hydrogen-ion coimntrfttion deter- 
miaed the method described by Gdid^ ( 1 ). 

In every casoy the determination of the hydrogen-ion concentration of the 
nutrient actions was made on fresh samides since It was found that the stor¬ 
ing in ordinary g^ass contamers for even a day changed the pH values quite 
ttateriahys 

DATA AMD DISCUSSZOM 


The {dB[ values of the nutrient solutions are given in table 1. Tat conveni¬ 
ence In discussing the results^ they are also arranged in diagrammatic form 

TABUS 1 

Tki kyinifihi^comenkatim^of mtaiB UK^0$^$aU toluHons 
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In figure 1. In fut, it i> only when untnged in triangufatr fotn Umt the 
effect of the volume-molecular'proportiona iq>on the H<4on oonoenttution 
faeoanee aigMient 

figure 1 faring* out the fact that the R-km omcentratiim ii, in gmucalt a 
function of the volume-motecular proportion of the di-l^dn^ phoqfiiate 
salt uied. In other words, as a geni^ rule, all solutions in any one type 
having the same volume^nolecular pnportion of the phomfiute salt, a^ 
have about the same H-km concentration. It is also to be noted that the 
types containing KR 1 PO 4 are consideraUy less add than those containing 
Mg(HiP 04 )t or Ca(RiPOi)*. The sulfate and nitrate salts m^parently play 
only a minor part in detennining the reaction of the nutrient solutions. 

It is not intended to give in this paper a detailed discusuon oi the influence 
of the H-ion concentration of nutrient solutions on plant growth. Judging 
from the results secured at this station with types I, III and IV, the variatkms 
in idant growth within any one type cannot be attributed to the hydrogen- 
km conooitrations of the nutrient buttons. Such parallelism between growth 
and reaction as exist, seem to be entirely inddentaL This does not mean, 
however, that the H-ion concentration is not a factor in plant growth. 

SiniMASY 

1. In general, within any one type, the hydrogen-ion crmcentration of the 
sdution is a function of the volume-mdiecolar prqxution of the di-l^diogeo 
phosphate salt present. 

2. The types containing KH 1 FO 4 have a lower hydrogen-km concentratien 
than those containing dther MgOEbP 04 )i or Ca(RiF 04 )i. 

3. The sulfates and the nitrates apparmtly play only a minor part in deter¬ 
mining the reaction of the nutrient adution. 

4. The variations in plant growth, within any one type of solution can not 
be correlated with differences in the hydrogen-km concentrations of the 
solutions. 
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Fio. 1. DiAQiAio RzFBSsmmo ihe Hydsoosk-Iok C(»oamAnoN ov Six Tms of 
Tkxxx-Salt Nuwznt SoLimoire 

The number withb eech circle rquesents the pH value of that particular solution The 
bottom line of each tdtni^ it the base line for potassium, the left side the base line for cal¬ 
cium Md the ri|bt aide the bate for magnesium. Each of the three base lines represents a 
row of s o lut ions each of which has one-eighth of its total volume-molecular concentration 
derived km the salt for whdi It is named, the salt proportion inttea^ hy increments of 
caMHd(||hth horn row to row tmdl the apes of the trh^e is leachecL The soAution at each 
apei baa ilx«d|^tlia of its total conoentraU<m derived from the salt indicated at the opposite 
base Um* For cigmple» thd aohithm represented hy the third dido from the Ht in the 
aooowd tow (type I) 1 m twD-e||hths of its total concentration derived from mono-potaiaium 
phoaphate; thieedffitha from calcium nitrate and thtee^hths from magneuUm sulfate. 
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THE CX>NCENTRATION OF SODIUM KlTRATE TOLERATED BY 
TOBACCO PLANTS 

G. D. BUCKNER, A. M. PETER amd E. J. KINNEY 
Kmiuciy AtrieulhmU MsptHumi SMi»» 

Reodvtd for publkatko November 12» 1930 

It is generally accepted that the nitrate radical is the most favorable source 
of nitrogen for assimilation by the higher plants and that a proper amount 
of nitrate is favorable to their growth. On the other hand, too much nitrate 
is known to be toxic. Nitrates are often used in fertilizers, sodium nitrate 
(nitrate of soda, or Chile saltpeter) being the one most commonly employed. 

In transplanting tobacco to the held by machine, the machine delivers a 
small quantity of water about the roots of each plant as it is being set in the 
ground. It has occurred to some growers that the introduction of a little 
nitrate of soda into the water used in transplanting might serve to give the 
plant a better start. The literature seems to afford no data upon such a 
procedure and accordingly the department of agronomy of this station through 
Mr, E. J. Kinney, this summer began a series of field experiments in which 
water containing stated amounts of nitrate of soda was applied to tobacco 
plants as they were set in the field, for the purpose oi testing the matter in a 
practical way, by ascertaining the effect upon the finished crop. The 
day after the plants were set a very striking contrast was presented in the 
appearance of the several lots, those which had received nitrate being more 
or less wilted, the degree of wilting varying directly with the amount of nitrate 
received, while those which received none were fresh and thrifty-looking. 
In course of time, the plants which received the smaller amounts of nitrate 
recovered, but those which received the largest amount finally died. 

It occurred to us 11 \i this effect was dependent upon the concentration of 
sodium nitrate in the solution applied and that some laboratory experiments 
along this line would be desirable. The results of these have been so positive 
and Striking that we have decided to present them in advance of the agronomy 
department's tepori of the field work 

In planning the field experiments, the several quantities of nitrate of soda 
were adjusted in pounds per acre, as is the custom in applying commercial 
fertilizers, the amoimts being at the rate of 25,50,75,100,150 and 200 pounds 
per acre, but the several quantities were dissolved in equal amounts of wa^er, 
so that the concentration of the solutions inoeased with the amount per acre. 
By calculation upon the quantity of water taken, it developed that the con* 
centratioos used in the field experiments were equivalent to 25, 50, 75, 
100,150 and 200 parts of nitrate respectively, dissolved in 3750 parts of water 
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tijr Aceofdiai^iyr^ the labomtoijr aq^irfmenti inttt ptonnA la wm 

tlwge imd to Indu^ fKmie 

tli^ experiments were oonifttcted In * good near winded and evipa- 
mled later was iiptioad Inm lime to lime wttii dhitSkd water adddi Imd 
liee&aeimted. 

Incidentally it was noted that green dgae appeared in some of the fadm^ 
thdr growth varying rougMy with the amount of nitrate added, and that 
bacteria devdqped stitmgly in those containing the higher conoeatiatkms, 
k which the tobacco plants died. 


EXFEXZICENT A 


In this eqieriment the following dilutions were used: 

Ne. l--*^IHstillsd w»tsr. 

Ko. 2*—Tap water. 

No. 3—1 part conunerdal iodiuiii nitrate: 3750 parti tap water. 
Ko. 4r-5 parts commercial sodhim nitrate: 3750 parts tap water. 
No. 5—25 parts c ommercia l sodiom nttrate* 3750 parts ti4> water. 
No. a—ISO parts o o mm e r c U l todhim nitrate* 3750 parts tap water 
No. 7---200 parts ooomeiclal sodium nitrate: 3750 parts tap water. 

The record of the eigperiment follows: 


June 21,1920,2:30p4n. Forty young tobacco fdaats averaging 10inches from tip of longest 
leal to top of roots, were {da^ on a table to wilt. Owing to cool and rainy weather the 
piaats had not wilted ^ipredably at the esptration of 3 hours, the time for closing the 
Isbomloiy; they were tteefore left over oJ^t. 

June 22, 1920, S:00 a.m. All plants were very much wilted. 9:00 a.m. One of these 
wiltsd phuits was placed in each of 7 pint jars containing the above solutions, the roots 
faunersed. 

June 23,1920 Plants no. 1,2, and 3 had straightened up; leaves firm. No. 5 less firm and 
sUi^tly drooping No. 4,6 and 7 drooping and less firm than any. 

Jane 30, 1920. AU plants straightened up and all seem compaxmble in vigor and firndM^ 
eucept no. 7. No 2 and 3 have best new root development. Ko. 4 and 1 have smaUiill 
root development. No. 5 and 6 have no new root developinent. No. 7 wilted and hb 
root devek^anent 

July 6, 1920. AU have developed as in the order of June 30. Practically no root devdop- 
inent in no. 5 and 6. No 7 dead. * 

JMy 13, 1920. Vigor and devdopment best in no. 3, next in no. 2 and thtmJ j jph l. No. 


4,5 and 6 drooping. ^ 

July 20,1920. No. 3 decidedly best No. 2 and 1 are next best in the order nasned. No. 4, 
5 and 6, growth arrested. 

July 27,1920. No. 3 decidedly best No 2 and 1 next best in the order named. No. 4, 
$ and 6 dead, pncticaUy no root <fovdopment 
August 25,1920. Rdative devdiwwieat of no. 3,2 and 1 the same as on July 27,1920. The 
vigor and gr owt h d then|i|||i accompany the root davdopment 
Eiqperlment diacmtimiH|||^ 25,1920. 


fmm this expetfl 
part of sodium uitm 
and that higher com 


pH would seem that no. 3, or a concentration of 1 
r3750pajrt8 of tip water gives the best resulring growrii 
ratiems riiow toxic effects. 
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JtiM 22^1930,8:50440. Pltiit«d 7 of the wOted plaati frao the ttm k>t i« thdit ^ 

loeiit A, in tepeimte pots conUinlng send end aM>isteiied the sand with oohitlm of the 
seme coQCsOtimtkms as were used in w pcrime n t A. 

June 23, 1920, No. 3, 2 and 1 straightening up. No. 4, 5 and 6 drooping; degree about 
equal No. 7 very much wilted. 

Jane io, 1920. Vigor and development best in no. 3; no. 2 next; no. 4 and 1 slight^ km. 
No. 5 and 6, no growth. No. 7 dead. 

July 6, 1920. No. 3 decidedly best; no. 2 next, then 1 and 4, b order. No. 5 and no 
growth, 

July 13, 1920. No. 3 best; no 2 next and then no. 1. No. 4, 5 and 6 have not changed 
since July 6. 

July 20,1920. No. 3 and 2, development good, about equal; no. 1 much lesa No. 5 and 
6 dead. No. 4 alive but very little growth since planted, 

July 27,1920. Only small growth in no. 3,2 and 1 since July 20,1920; relative increase in 
no. 3 and 2 is the same. Small growth In no. 1. No furthef growth in no. 4. 

August 25,1920. No. 3 and 2 have growth and vigor about the tame and are 10 inches high. 
No. 1 about 5| ichei high. No. 4 stiU alive but no growth. 

Experiment discontinued August 25,1920. 

In this experiment plant no. 3, representing a concentration of 1 part of 
sodium nitrate to 3750 parts tap water, shows the best early growth, indicating 
marked stimuli^ing effects during that period. Its ultimate growth was better 
than that of any other receiving the sodium-nitrate solutions and slightly 
better than that of the plant receiving ti^ water alone. Higher concentration! 
were toxic to the plants. 


EXPEBDfENT C 

The results obtained in experiment C are next presented: 

June 22, 1920. Two unwUted plants were placed in each of seven 500<c. flasks containing 
the sehitlons as were used in expmintents A and B. 

June23,1920. No. 1,2 and 3*-^ditlon8uncbanged---firm and upright No. 4 and 5 droop¬ 
ing. No. 6 and 7 drooping badly. 

June 30,1920. Vigor and development of no. 1,2,3 and 4 about the same; aU erect No. 5 
drooping. No. 0 and 7 dead. Root development Qo. 2,3 and 4 best no. 1 and 5 less. 

July 6,1920. Relativecopditioiuitheaameason June 30,1920. Only small growth in any 
since that date. 

July 13,1920. Vigor, growth and root development best and about equal in no. 2 and 3; 
no. 4 sliid^dy less; no. 1 and 5 still kas. 

July 20,1920. Growth and vigor in no. 2 and 3 goad and about equal; no. 4, 5 and 1 ksi 
in Older named. 

August 25, 1920. Relative conditions the same. Only imsli growth in any since July 20, 
192a 

E^qmriment dkoontintted August 25,1920. 

It will be noted that no. 2 and 3 showed apfmxdmately equal developmmit 
at the end of this experiment. No. |fOwn in the solutions contairdng 1 
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pKt of wdiam to 3750 pattt ci tflpwiter, ahowod oftiidtikl iriltlag 
mdh on occutred in thoie receiving'the eodium«nitiate eolritione ol hi^ier 
concentrations. The high" concentrations were also totic to the plants 
nerivlngthan. 


SXI^SSJIIBMT D 

In the expedmenU described we have shown that the maximinn growth 
was obtained in all cases by no. 3, or the plants receiving a solution d 1 part 
of sodium nitrate in 3750 parts of tap water, and that sdution no. 4 which 
contained 5 parts of sodium nitrate to 3750 parts of tap water, had the lowest 
concentration that showed a wilting or toxic effect <m the plants. In the 
case of experiments A, B and C, plants no. 4 showed a^wilting effect whidi 
was tei!^)orary in nature, being completely overcome at a later period; how¬ 
ever, th^ ultimate development did not equal rimt of the plants which 
received 1 part of sodium nitrate to 3750 parts of tap water. The latter 
showed no early wilting effect. To determine the exact strength of solutions 
which would cause no early drooping or subsequent toxic effect, yet have the 
early stimulating effect of sodium nitrate, the following experiment was 
planned. 

The concentrations of the solutions were as follows: 

No. i—Tap water. 

No. 2—1 part sodium nitrate: 3750 parts tap water. 

No. 3—2 parts sodium nitrate: 3750 parts tap water. 

No. 4—3 parts sodium ahrate: 3750 parts tap water. 

No. 5—4 parts sodium nitrate: 3750 parts tap water. 

No. 6—5 parts sodium nitrate: 3750 parts tap water. 

The progress of the experiment is here reported: 

June 24, 1920. Two unwilted plants about 10 inches from tip to tip were placed jjf ^ch 
of 6 flasks containing 400 cc. of the above-named solutions. ^ 

June 25,1920. No. 1, 2 and 3 not drooping and apparently equal in vigor. No. 4, $ and 
6 drooping. 

June 28,1920. All have straightened up and are apparently equal in vigor* 

June 30,1920. No. 3 and 4 best developed; no. 5 next; no. 1 and 2 next and equal; 

no. 6 next, ' 

July 6, 1920. Relative sise, vigor and development unchanged. Root development corre* 
spending to vigor and development. 

July 20, 1920. Vigor and devdopment about the same as on July 6, 1920, exc^t no. 6 
drooping. Root development about the same as above; very little root development 
in no. 6, if any. 

August 25, 1920. Relative conditions unchanged since July 20, 1920. Very little growth 
since that date. 

Experiment discontinuedjjy^st 25,1920. 

From experimA pBflBiW ^ solutions no. 2, or those receiving 

1 part of sodium iMnl|plm750 parts of tap water, caused no temporary 
wihiag wlule those of stronger concentrations did. It is also indicated from 
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this txpmmmt that the plants .recdving 2 or 3 parts of sodhim nitrate per 
3750 parts of tap water grew the best, ev^ though they eriiiUted a tmporary 
wflthc at the beginning. 

From the foregoing eiperiments the Mowing conclusions may be drawn: 

1. Sodhim-nitrate solutions in concentrations greater than 1 part to 3750 
parts of tap water cause a wilting which varies in intensity with the concen* 
trations. 

2. Concaitrations of 150 parts of sodium nitrate to 3750 parts of tap water 
and higher, cause a wilting which is more or less permanent in character. 

3. It is indicated that solutions containing 2 or 3 parts of sodium nitrate 
in 3750 parts of tap water (pve the best genera! development, even though 
there is a drooping at the outset. 

4. When using a solution of sodium nitrate in setting tobacco plants or 
for plant-beds, its concentration should be considered rather than the amount 
of nitrate per acre. The latter might be controlled, however, by regulating 
the amount of solution applied, though with the larger concentration indicated 
in paragraph 3, allowing a pint to each plant, and 8000 plants to the aae, 
the amount of nitrate applied would be only 6.4 pounds per acre. Hie logical 
method for plant beds would be to make several applications at intervals. 




INDEX 


AmtaiUMhjda m » wQ imccdcide, <t5 
Acid TiihmYliitfr^ 

as a factor i« soil adcUty, 157, 18(K*lg2 
In oombiiiatlOii with alo^um laltsi 1(X^ 
182 

Add leactioD of peat soils, 461 
AcfaUty aad aUcdiiiity, the effect of, on de- 
compositioQ of v»dllin, 239 
Adsorption theory of soil acidity, 157 
Alddiydes, the presence of, in soils, 237 
AHslfa, the Influence of Soil Reaction on the 
Growth of (paper), Jacob S. Joffe, 301- 
307 

experimental, 302-307 
introduction, 301 

Alhalinity and acidity, the effect of, on de¬ 
composition of vaniilm, 239 
Aluminum— 

as a Factor in Soil Acidity (paper), Jose 
Jison Mirasol, 153-218 
aluminum in agxkulture, 158-165 
experimental, 165-188 
introduction, 153-155 
Piflnions concerning the cause and na¬ 
ture of soil addity, 155-158 
in plants, 159-160 
in soU, 162-165 

salts of, as stimulants and fmtilisers, 160- 
161 

Ammon iflcatkm— 

as measured by the antagonistic action of 
calcium sulfate and iron salts toward 
other salts, 77-t02 

effect on, by addhioiis ot sodium, calchitn, 
magnesium and iron salts, 82, 83-91 
effect of soil moistuipXm, 366-368,379-380 
Ammonifying power pi soils, 166-368 
Ammonium sulfate as a factor in soil addity, 
156-158 

Aaotobacter, effect of moisture on, 374-375 

Bacteria, cmaidnoeulatlon studies with uod- 
11 ^ 291-300 

Bacterial actfvHy vs. crop pcoduction, 380- 
381 

Bn6tiKhym,nvimil^ 

266 


Bail^, effect of, on tthrogen aeonomy of 
1011,254-255 

Beckwith, Charles S. (paper), The C2!iect of 
FertfUseks on Bludieirka, 309-313 
Blueberries, effect of fertiflaers on, 309-313 
Bluegrass, effect of carbon bisulflde treat¬ 
ment for grubs on, 17 
Botanical analysis of peat deposits, 462 
Buckner, G D, Peter, A M., and Kinney, 
£ J (paper), The Concentration of 
Sodium hntrate Tolerated ly Tobacco 
PUnts, 487^1 

Calcium— , 

amount of, found in soils, 9-11 
and Iron Salts, the Antagonistic Action of, 
toward other Salts, as Measured by 
Ammonificatkm and Nitrifluition (pa¬ 
per), J. E. Greaves, 77-102 
experimental, 80-81 
historical, 78^ 
influence of— 
calcium sulfate, 81-83 
iron sa)t« on ammoniflcation, 83-91 
nitrification, 91-100 
summary, 100-101 

and Nitrogen Content of Plants, the Rela¬ 
tion of, and the Function of Caldnm 
(paper), F. W. Parker and £. Truog, 
49, 56 

function of calpium, 54r33 
lelatbn of caldum ^ nitrpfsa, 53-54 
relative com|)oiition of plants, 49-53 
content of 34 ^ledes of plants, 50-51 
Estfanatimi of Total, in Soils and the Sig¬ 
nificance of this Bkmant in Soil Fer* 
tOi^ (paper), 0. M. Shedd, 1-14 
discuss^, 1M2 
experfanental, 2-11 
summary, 12-13 
inhthod of doterminatlon of, 2-3 
Calchsm add phosphate, effect 

of, on the vanfftin content of sdljb 24|- 
244 

C al ci u m caitumate in c ombhi at lan with 
ahmdttum salts, 169-182 
Calcium cyiSMunide as a soil insecticide, 62 
Cskhimiiittite,effect of, ongrean-wd^tpro* 


ductlmi in potato plapti, 395-396^ IBS 


493 



CMdttm iuttsfte, t iHn q nim «l, 

^odkm, potiiihim, ctkinm aod nmp- 

Oi|)Biiitty, undet^jrteg pliyiktl fM/atm con* 
cflmediiitlOi 

mmainit, effect ci inkkl moiftme oa, 
146 

Potentlil and Iti Relatka to SoltOMtoie* 
tuie Cooiteata Opeiier), WiUud Geid- 
aer, 357-399 

TnmnMm Coniteat and Methods oi 
Petecminkg It &q>eriineata]l 3 r ({»- 
per), Wilkfd Gaidner, iOym 
dkcttsakm of experimeB^ itsults, 112 
iatfodttctloa, 103-104 
theoretical, 104-112 

Caihohydntei, effect of deconipoaitkm of 
vaaiKin by bacteria in soils, 244 
CaxboaBifttl^b— 

A Study of the Bdiavior of, When la jected 
into the Soil and Its Value as a Con¬ 
trol for the Root-Form of the Woolly 
Apple Aphis (paper), B. R. Leach, 
421-451 

expeihntttal results, 430-447 
intmdiietlon,421 

plan of the work and methods, 421-426 
effect of, on bbiegriasf clover, timothy, 17- 
18 

The Use ef, Acainst the White Grub (pa¬ 
per), William H. Wood Komp, 15-28 
coadMm, 27-28 
dfacuaskm of ptoblem, 15-16 
influence el— 

moisture upon effectiveaeis of fumi¬ 
gation, 22-27 

tempesiture upon effectiveaeis of 
fumigation, 21-22 

maximum doeago non4njuiious to 
pbata, 16-19 

minimum doaage lethal to the grub, 20- 
21 

Carbon dhudde— 

citlination of, In maria and limeatonea, 42 
producthm of, from limed and uhSmed 
olotB, 33-34 

toe betattdaatioii ef, in Water-Itoolttble 
Caihonatai dpaper), (gf Rohinaoii, 

41 ^ m 

laamMUlc method, 4Mf 
tltrimattip method, 41-42 


Canbonaiea, watevdaiQiahle, eathnathm of 
carborndkiaide k, 41-17 

fnypiHMid lor nitrate deter* 
mlnatiQii, 338-339 

Carter, £. Greaves, J. £^ and (paper) 
Moistuie 4n the Bacterkl 
Actodtiei of the Soil^ see Mdatote, In- 
ffuence ti, etc., 361-387 
Climatic changes as a factor in peat 
460 

Clover, white, effect of carbon bisulfide 
, treatment for grubs on, 17 
Coal-tar or creosote ss a soil insecticide, 64 
Coeffiicknts of toQ constsnts, 381-384 
Com, effect of, on nitrogen economy of soil, 
254-255 

Corrosive sublimate as a soil insectidde, 64 
Cowpea bacteria on lima beans, 291-292, 
296-297,299 

Cowpeas, nitrogen fixation in seedlings of, 
418 

Cyanides of lodium and potassium as soil 
insecticides, 61-72 

Dachnowski, Alfred P. (paper), Peat De¬ 
posits in the United States and Their 
Qassification, see Peat Deposits in the 
United Stotes, etc., 453-465 
Davis, Jdm J. (paper), Miscellaneous Soil 
Insecticide Tests, see Soil Insecticide 
Tests, etc, 61-76 

Devatda’s method for nitrate determination, 
334 

Dicskiiim S&icate, the Effect of, on an Add 
Soil (p^)er), Burt L. Hartwell and F. R. 
Pember, 57-60 

Drainage as a factor In paat aolla, 459 

EUet, W. B., and Baida, W. G. <^), 
Coopemtive Eipeiimenta for the Com- 
poatlng of Phosphate Rock •"d Stdfiir, 
313-325 

Fallowing, effect of, on nitrogen economy In 
soil, 253-254,262-265 

Fertiliaer aalta, toa effect of, on the decmn- 
positom of vanillin, 240-244 
Fertfiken, Iffkct of, on Bhiebeirkt (jpaper), 
Oiaiks S. Beckwith, 30M13 
Ftxatkn el nhrogsn, pnliminaiy dmmical 
ftadki ef the mechanism of, 418*419 



mmx 


Qtaiiimt WttlaH ^paper)— 

The CiipUleiry JPMwpthtl ead Its MetSon 
to Shtt Moistiice C«nBkaiit% 357-459 
A CspiUtiy Tnintoihiinn CoBstent and 
Methods pi Detonninlng It Eaperi- 
mentattr: see Ca|>fllaty Tranamis^ 
Cons t ant , etc.| 103426 
dncoie, effect d— 
on nitnte dpttomlnation, 338 
on the deosit p ositiop of vanillin by bac¬ 
teria in 244 
Cleaves, J. 

(piper), Tito Antagonistic Action of Cal- 
dum and Iron Salts toward other 
Salts as Meastired by Ammonifica- 
tion and Nitrification; see Caldum 
and Iron Salts, etc., 77-102 
and Carter, £. G. (paper), Influence of 
Moisture on the Bacterial Activities 
of the Soil, see Moisture, Influence of, 
etc, 361-387 

Haag, J. R., McCall| A. G., and (paper). 
The Hydrogen-!^ ^Concentrarion of 
Certain Three-Salt^tttrient Solutions 
for PlanU, 481'4SfP 
Hansen, Roy, Whiting, A. L., and (paper), 
Cross-Inocuiation Studies with Nodule 
Bacteria of Lima Beans, Navy Beans, 
Cowpeas and Oriiers of the Cowpea 
Group, 291-300 

Harris, W. G., Ellet, W. B., and (paper) 

- Cooperative Experiments for the Com¬ 
posting of Pho^)hate Rock and Sulfur, 
315-325 

Hartwdl, Burt L., and Pember, F. R. 
(paper), The Effect of Dkalcium Sili¬ 
cate on an Add Soil, 5^ 60 
Hydrogen-ion Concentration— 
and amounts of available pbnqdtoric add 
in rodL phosphato rnasuilttr mixtures, 
327-332 

Detemdnation of the, by the Calorimetric 
Method and an Apfiaratus for Rapid 
and Accuttto Wm 4 (paper), Ernest 
Van Abtitosi 46M79 
effectof— 

on growth ef alfidia, 301407 
onnitregen oantoiitof alfplfa, 304-305 
on root loiniitloiii, 315 
meattraoMils of, in ptohlemt of soil fer- 
rili^ and plant gmwth, 301 
method of ad}«gthig tha, In soils, 302403 


of Certnin Thto^Ball Nutrient Setattotoi 
fat Plants (papadt A« G. McCaB and 
J. R. Haito, 481-484 

HopUna method lor loiUcihllly detomina- 
tlon,153 

Humus, the percentage rriations of the am¬ 
monia soluble orgsnk phiMphoras to, 
135-136 

Insects, control of luideigroimd, 61-76 

Iron as a factor in soil ad(fity, 187-196 

Iron salts, antagonism of, toward sodium, 
potassium, caldum, magnerium, iron 
salts, 83-99 

Joffe, Jacob S. (paper), The Influence of 
Soil Reaction on the Growth of Alfalfa; 
see Alfalfa, the Influence of, etc., 301- 
307 

Joffe, J. S., Lipman, J. G., and (paper), The 
Influence of Initial Reaction on the 
Oxidation of Sulfur and the Formation 
of Avaikbk Phosphates, 327-332 

Johnston, Earl $. (paper), Nutrient Require¬ 
ment of the Potato I^t Grown in Send 
Cultures Treated with ''Type I** Solu¬ 
tions; ace Potato Plant, Nutrient, etc., 
389-409 

Karraker, P. £. (paper)— 

The Effect of the Initial Moisture in a 
Soil on Moisture Movement, 143-152 
Notes on the Confoenoe on Elementaiy 
Soil Tesdrittf, Held at Lexliigton, 
Kentucky, June, 1920,247 

Kerosene emuli^ as a sol] insecticide, 63-64 

Kinney, £. J., Peter, A. M., Buckner, G. D., 
and (paper), The Conoeutimtion of 
Sodium Mtrate Tqleiatod by Tobacco 
Plants, 487-491 

Komp, WpUam H. Wood (paper). The Use 
of Carbon Bisalflde Agsl^ the White 
pnib; tee Carbon Bisulfide, the Use of, 
etc., 15-28 

Kopperis adutkii as a soH htoectiddf^ 65 

Leach, R. (paper), A Study of thoBehav^ 
kdr of Carbra Bisulfide when Injected 
Into the Soil and its Value as a Control 
fisr the Root-Fom of the Wod^ Apple 
ApUs; see Carbon Bisiflflde, A ^udy of, 
etc., 421-451 



T t0mm$ «i0ct il» Ai nHw it a mtoot «l 

linMNWlI lACtAk OB 00«|^ 

Lime** 

oontcftt in peat tpiU, 461 

jlgnifigmce of, in toil fertility, 

tiAMtoMs, deUrmbintlon of cubon-dioaeide 
1^43 

l^Muni* h G., end Joffe, J, & (peper), The 
IniooBaft of Initiel ReMstion on the 
OiidAtlba of Solfitr end the Foniation 
of AvtSabte Fho^)liate8,527<’332 

Megnesiipn conlent of 34 ipeciM of {dents, 
UHl 

Megnetinm chlotidei anUfonism of, towards 
cakhim sulfate, 82--43 
sttllate~*” 

antagonism of, towards calcium sulfate, 
82-83 

effect of, on grm-welght production In 
potato plants, 395*396 

Manganese as a factor in soil acidity, 187- 
190 

Marl, determination of carbon dkudde in, 42 

Marls and limestones, estimation of carbon 
dioside in, 42 

Masa^, A. B., Robbbii, William J., and 
({laper), The Effect of Certain Envlron- 
SMatal Owditions on the Rate of Do- 
stnietiea of Vanillin by a Soil Bac- 
terbiA; see Vanillin, The Effect of, etc, 
237-246 

McCaS, A. G., and Haag, J. R. (paper),Tlie 
Hydrogen-Ion Concentration of Geiv 
tain Three-Salt Nutrient Solutions for 
nattta,481^ 

McCool, M. M., and Millar, C E. (ftaper), 
the Fomalion of Soluble SubstMoei 
in Soiii taken fnm V^ldtiy Scpaiated 
Regbns; see Sohibte Sobatances, Fohna- 
tion of, etc^ 219-235 

M ic foOrgantc actkm in peat depoaits, 461- 
462 

tliiK ol^ in theanetiioea- 

tkn of tojddty of oapanic compounds 
inlktooa,l4M4S e 

MBlar, C MeCooi, M. and (paper), 
Tim Fhfinatlon M SoiolA Snhati^^ 
Soils Taken from Wkkdy S^aiated 


tftM «f«aie^ ai9^ 

Mkaaol, Joae IkA (paper), 

Factor In Soff Acidity; tee AiomlnM 
a Faetor, et&, ISJ-^IS 
Midftnie— * 

^Inffaence of, on the Baetarlil Acabdties 
of the Soil (paper), J. E. Greaves and 
E. G. Carter, 361-387 
bacterial activity vs. crop piorkiction, 
380-381 

Influence of water on nitrogen fiiatiqn, 
374-580 

methodi of eiperimentatkm, 364-374 
other SOU oomiunts and* their relation¬ 
ship to bacterial activities, 381-385 
soils and mofsture-holding capacity, 
361-364 

the Effect of Initial, in a Soil, on Moisture 
Movement (paper), P £ Karraker, 
143-152 

Moor deposits, definitbn of, 456, 460 
Morainic systems as representatives of cli¬ 
matic pulsations, 463 

Neller, J, R. (pa{)er). The Oxidising Power 
of Soil from Limed and Vnlimed Plots 
and Its Relation to Other Fagtors; see 
Soil, the Oxidizing Power, etc, 29-^ 
Nitrate- 

content of, roots grown in nitrate solution, 
350-351 

nitrogen in different {xurts of soybean 
plan^,346 

radiod as a aouroe of nitrogen lor planti, 
487 

Nitratea— 
effect of— 

daikneaaon accumulation of, In plants, 
34^-W 

in culture'sohitkms containing vgnillln, 
24! * 

on reducing augaraln^^t sap, 348 
inplaffl%3454S0 
methoda of detOrroiaatioo of, 251 
study of methodaof determlnatien of, J33- 
W ' 

the of, to kg||iime hoetifla, 343- 

345 

The Reiatimi of, to N^a)a PsoduotioB 
(Smper), W. H. Stiowd, 343-336 
diKurnkm, 353-354 



JNDSSX 


m 


effect of nitrates on legume bacteria, 
U^S 

experimental and metbods, 345-352 
introduction, 343 
nitrates in plants, 345 
Nitrification— 

as measured by the antagonistic action of 
cakiiun sulfate and iron salts toward 
other salts, 77-102 
effect of— 

additions of sodium, calcium, magne¬ 
sium and iron salts, on, 83, 
different crops on, 258 
soil moisture on, 368-374, 379-380 
Nitrites and nitrates, their detenniration in 
the presence of one another, 339-342 
Nitrogen— 

and Calcium Contentof Plants, the Rela¬ 
tion of, and the Function of Calcium 
(paper), F. W. Parker and £. Truog, 
49-56 

assimilation of, by bacteria for soybeans, 
343 

content of 34 species of plants, 50-51 
content variation of uniform and random- 
weight cowpea seeds, 412 
Economy in the Soil as Influenced by Var¬ 
ious Crops Grown Under Control 
Coni^ns (paper), R. C. Wright, 
249-09 

effect of hydrogen-ion concentration on 
per cent of, in alfalfa, 304-305 
nitric, method of determination of, 365 
proportions of, gathered by bacteria, 343 
Nitrogen Fixation— 

by Cowpeaff and Nodule Bacteria (paper), 
Albert L. Whiting and Warren R. 
Schoonover, 411-420 
influence of moisture on, 4-380 
Nitrogen-fixing power of soil, determination 
of, 365 

Nitron method for the determination of 
nitrates in plants, 338^39 

Organic acid theory of soil acidity, 155-157 

Parker, F, W., and Iriiog, E. (paper), The 
Relation Between the Cakium and the 
Nitrogen Content of Plants and the 
Function of Calchiin; see Calcium and 
Nitrogen Contort of Plants, etc., 49- 
56 

so L setanoa, voa x ire S 


Peat Pqwsits in the United States and Thefir 
Classification (paper), Alfred P. Dacfa« 
nowaky, 453-465 

area and general distribution, 453>>454 
classification of peat deposits, 456-464 
general charact^tks of peat deporitg, 
454-456 

Peatland areas, classification of, 458 
Pember, F. R., Hartwell, Burt L., and (pa¬ 
per), The Effect of Dicaldum Silicate 
on an Acid Soil, 57-60 
Peter, A M , Kinney, E. J., Buckner, G. D., 
and (paper). The Concentration of 
Sodium Nitrate Tokrated by Tobacco 
Plants, 487-491 
Phosphorus— 

as a limiting factor in Virginia soils, 315 
content of 34 species of plants, 50-51 
Organic Content of Ohio Soils (paper), C. 
J Schollenberger, 127-141 
analytical methods, 128-136 
availability of phosphorus m organk 
compounds, 139-140 
introduction, 127-128 
reaction of soil and organic phosphorus 
content, 136-139 
soils studied, 128 

solubility of, in composts of rock phov 
phate and sulfur, 327-332 
Plant juices— 

amount of nitrates in, 348-349 
effect of nitrates upon the reaction of, 351- 
352 

Plant Tissue, the Determinatioii of Nitrates 
and Nitrites in (paper), W* H. Strowd, 
333-342 

experimental, 234-341 
introduction, 333-334 

Plants, calcium and nitrogen reladon in, 54- 
55 

Potassium content of 34 a|>ecies of plants, 
50-51 

Potassium nitrate, effect on soH acidity in 
leaching with, 182-185 ^ 

Potatq Plant, Nutrimit Requirement of the, 
Grown in Sand Cultures 7 reated with 
'^lype I’* Solutions (pkper), Earl W. 
J<^inston, 389-409 
conclusions, 402-408 
introductloii, 389 >390 
presentation of results, 393-397, 399-402 
procedure and method of esqierimenta- 
tion, 390-393, 398 



mtd, iBoiitttfe movaoMit In, 151 

in' 

Ea4ki&tcter Ixom cowpe* iioduk«^ 297-299 

Mk Mhm Upminosmmf dUct of nltiiitei 
Oll,351-^354 

WQUom J., wad MwMcy, A* B. 
(paper), The Effect of Certain Environ¬ 
mental Conditions cm the Rate of De¬ 
struction of Vanillin by a Soil Bacte¬ 
rium; see Vanillin, The Effect of, etc, 
2$1-246 

Robinson, C.S (paper), The Detennination 
of Carbon Dioxide in 'Water-Insoluble 
Ca^rbonates; see Carbon Dioxide, De¬ 
termination of, etc, 41-47 

Rock fdiosphate and sulfur composts, 315- 
317 

Rye, effect of, on nitrogen economy of soil, 
254-255 


Salicylic aldehyde, the presence of, in soils, 
237 

Salts, effect cm molstuie movement of 
changes in the surface tension of the 
soil sdution by addition of soluble, 144 
Sand- 

cultures for potato plants, 389-409 
method of puriffcatkm of, 413 
Schloesing method lor nitrate determination, 
333 

SchoUenberger, C. J. (paper), Organic Phos- 
phonis Content of Ohio Soils; see Phos¬ 
phorus, Organic Content, etc., 127-141 
Schoonover, Warren R., Whiting, Albert L., 
and (piper), Nltrofen Fixatl^ by Cow- 
peas and Nbdule Bacteria, 411-420 
Shedd, O. M. (paper), A Proposed Method 
for the Kstimation of total Calcium in 
Soils and the Significance of the Ele¬ 
ment in Soil Fertility; see Calcium, Esti¬ 
mation of, etc., 1-14 

Silicate, Dicakium, the Effect of, on an 
Add Soil, 57-50 

Sflkon as an essentia] to plant growth, SO¬ 
SO 

Sodhutt carbonate, chloride, nitrate and 
sulfate, antagonism of, towards caldum 
sulfate, 82-03 
Sodium cyanide— 
as a soil insecticide, 55^72 
effect of, tmatnjent on soil, 7i 
Sodhnn KUxate— 

Conoentiition of, Tokrated by Tobacco 


PkttU ^peper), G, D. 

* M. lister atidE.J.i:iimsy^, 40^ 
effect of, on the sduhility of soil sepa¬ 
ratee, 233-235 

Soil- 

acidit 3 r— 

aluminum as a factor in, 153-210 
detemdiiation of, by the Hopkiiis 
method, 153 

iron as a factor in, 187-190 
manganese as a factor in, 187^190 
* theories of, 155-157 
bacteria, influence of moisture on activi¬ 
ties of, 351-307 

behavior of carbon bisulfide In, 421-451 
constants and their relation to bacterial 
activities, 381-305 

content of organic phosphorus in culti¬ 
vated and virgin, 131-135 
effect of— 

initial moisture in, on moisture move¬ 
ment, 143-152 

reaction on organic-phof ihorui content 
of, 136-139 

fumigation of, with carbon-bisulfi|le, 15-28 
Insectidde Tests (pi^per), John j Davis, 
51-75 

coal-tar or creosote prqMurations 64 
Introduction, 61-53 
kerosene emulsion, 53-54 
miscellaneous tests, 54-56 
sodium cyanide, 56-72 
method for adjusting the hydrogen-ion 
concentration in, 302-303 
moisture factor in carbon-bisulfide diffu¬ 
sion, 424,420^ 

Teaching, Notes on the Conference on 
Elementary (paper), P. E. Karraker, 
247 

The Oxidising Power of, from Limed and 
XJnlimed Plots and Its Rdatlon to 
other Factors (paper), J. R. Nriler, 
29-39 

conduskm, 35 

experimental methods, 32-33 
history of pbts used in experiment, 29- 
32 

rdatkm of cfixboa-dioxide production to 
other measures la biochemical ac¬ 
tivity,34^ 

the oxidising power of soil than limed 
and unlimed plots, 33-34 



^ure Constanta, Hie Ca|iUUiy Po- 
temisl and Its Rektioii to (wer), W11- 
kni Oaidner, 357-159 

Soillr— 

Scdttbility of very old, 228-229 
The Formation of Soluble Substances in. 
Taken from Widely Separated Re¬ 
gions (paper), M. M McCool and 
C. E. Millar, 219-235 

Soluble ^Substances, The Fonnation of, in 
♦ Soils Taken from Widely Separated 
Regions (paper), M. M McCool and 
C. E. Millar, 219-235 
description of soils, 219-223 
experimental, 233-235 
Soybeans, effect of growmg, on nitrogen 
economy in soil, 253-268 
Sterilization of seeds, methods of, 413-414 
Strowd, W. H. (paper)— 

The Determination of Nitrites and Ni¬ 
trates in Plant Tissue, see Plant Tis¬ 
sue, The Determination of, etc, 333- 
342 

The Relatkm of Nitrates to Nodule Pro¬ 
duction, see Nitrates, the Relation of, 
etc, 343-356 

Subsoils, fonnation of soluble material in 
surface and, 223-228 

Sugar beets, effects of, on the nitrogen econ¬ 
omy of soil, 254-255 

Sulfates, effect of, on the root development 
of alfalfa, 305 
Sulfur— 

and Phosphate Rock, Cooperative Experi¬ 
ments for the Composting of (paper), 
W. B. EUct and W. G. Harris, 315- 
325 

Oxidation and the Formatioi Available 
Phosphates, the Inffuence of Initial 
Reaction on (paper), J. G. Upmim 
and J. S. Joffe, 327^2 
Sulfuric acid as a soil Insecticide, 64 
Symbiotic fixation of atmospheric nitrogen 
by legumes, 419 

Swamp and overflowed land, classification 
of, 456 

Temperature, effect of soil, on carbon- 
bisulfide diffuskm, 424, 438-439 
Timothy, effect of caibon-ldsulfide treat¬ 
ment lor grubs on, 18 

Toxidty, effect of dicalcfatm silicate on, in 
acidioUi,59 


Triangular— t I * ^ 

diagram for potato plant sstilfi cthwss, 
403-484,406 

system in the study of the effect of fer* 
tillzers on vanillin, 241 

Truog, E, Parker, F. W., and (impK), The 
Relation between the Calcium and the 
Nitrogen Content of Plants and the 
Function of Calcium; see Cakhim and 
Nitrogen Content of Plants, etc., 49-56 

Van Alstine, Ernest (paper), The Deter¬ 
mination of Hydrogen-Ion Concentra* 
tion by the Colorimetric Method and 
an Apparatus for Rapid and Accurate 
Work, 467-479 

Vanillin, The Effect of CerUin Environ¬ 
mental Conditions on the Rate of De¬ 
struction of, by a Soil Bacterium 
per), William J. Robbins and A. B. 
Massey, 237-246 

determination of vanillin, 238-240 
effect of—- 

acidity and alkalinity on the decompo¬ 
sition of vanillin, 239-240 
aeration on the rate of decomposition 
of vanillin, 240 

fertilizer salts on the decomposition of 
vanillin, 240-244 

glucose on the decomposition of vaniUin, 
244 

Vegetation as an index for peat soils, 458 

Water requirement for the potato plant in 
sand cultures, 407 

Water-soluble salts in soils as indicated by 
freezing-point depressions, 225-235 

Wheat, effect of— 

on the nitrogen economy of soil, 254-255 
vanillin on the growth of, 240-241 

Whiting, A. L., and Hansen, Roy (paper), 
Cross-Inoculation Studies with Nodule 
Bacteria of Uma Beans, Navy Beans, 
Cowpeas and Others of the Cowpea 
Group, 291-300 

Whiting, Albert L., and Schoonover, War¬ 
ren R. (paper), Nitrogen Fixation by 
Cowpeas snd Nodule Bacteria, 411-420 

Wrig^it, R. C. (paper), Nitrogen foonomy 
in the Soil as Influenced by Various 
Crops Grown under Control Conditions; 
see Nitrogen Economy in the Soil, etc., 
249-289 



